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AFOSR Grant "Forms of memory for representation of visual objects”,
12/1/89-4/15/91

Daniel L. Schacter, Principal Investigator

Lynn A. Cooper, Co-Investigator

Objectives of the Research The main purpose of the research is to

elucidate the processes and structures involved in explicit and implicit
memory for visual objects. The major hypothesis under investigation is
that implicit memory for visual objects, as indicated by priming effects
on appropriate tests, is mediated by a presemantic structural description
system, whereas explicit memory for visual objects depends on an
episodic memory system. This hypothesis has been investigated primarily
by comparing performance on an object decision test with performance on
a yes/no recognition test On the object decision test, subjects decide
whether briefly presented novel objects are structurally possible or
impossible; implicit memory is inferred when subjects make more
accurate object decisions about studied objects than about non-studied
objects (i.e., a priming effect). On the yes/no recognition test, subjects
attempt to remember explicitly whether they studied old and new objects.
By comparing performance on these tasks across a range of experimental
conditions and subject populations, the research should provide basic
information about the mechanisms of visual object memory.

Status of the Research Effort Experiments that were completed or

intitiated during the year of the grant can be partitioned into five
categories, each of which are summarized in turn below.

Constraints on the construction of structural descriptions In several

early experiments examining implicit memory on the object decision task,
we found that priming was observed for possible objects but not for
impossible objects. We argued that priming on the object decision task
requires the construction of a representation that preserves
three-dimensional information about global object structure, and that the




structural description system involved in object decision priming cannot
compute a global representation of an impossible object. However, a
number of alternative interpretations of the data were also possible --
namely, that failure to observe priming of impossible objects was
attributable to low levels of explicit memory, response requirements of
the object decision task, or idiosyncratic features of target materials.
Accordingly, we conducted a series of further studies during the first
grant year that allowed us to reject these hypotheses (Schacter, Cooper,
Delaney, Tharan, & Peterson, 1991). In addition, these experiments
explored further the nature of structural descriptions involved in priming
of possible objects, and revealed that a) such priming was observed with a
5-sec, but not a 1-sec, presentation rate during the study task, and b)
priming did not increase with increasing numbers of study-list
repetitions of target objects, whereas recognition memory was
significantly improved by repetition. The enclosed reprint of the pertinent
article describes the method, results, and implications in greater detail.

Nature of structural descriptions A major series of experiments was

initiated to explore the nature of structural descriptions invoived in
object decision priming. In these experiments, we changed a particular
attribute of target objects between study and test (e.g., the size of the
object or its orientation), and assessed the effect of this change on object
decision and recognition performance, respectively. The basic idea is that
if study-to-test transformations modify or reduce the magnitude of
priming or recognition effects, we can conclude that the underlying
system accessed by the relevant memory task does represent the form of
information in question. |f, however, priming or recognition effects
persist in the face of study-to-test changes in certain forms of
information about objects, then we can infer that the representational
system being tapped by the relevant memory test is not sensitive to the
type of information undergoing change.

An initial experiment examined study/test changes in the size of
target objects on priming and recognition performance (Cooper, Schacter,
Ballesteros, & Moore, 1991). In this experiment, subjects encoded possible
and impossible objects with the left/right study task used in previous
studies. A between-subjects design was used such that for half the
subjects, the studied objects were defined as "small” (8 deg of visual
angle, on average), and for the other half of the subjects, the objects were




2.5 times larger. Size of objects was crossed between study and test to
yield each of the four critical combinations of large/large, small/small,
large/small, and smali/large. The key finding was that object decision
priming was unaffected by the size manipulation, whereas recognition
performance was significantly lower when object size was changed
between study and test than when it was held constant (see enclosed
manuscript by Cooper et.al. for further details).

A second experiment used a similar logic and within-subjects design
to examine sensitivity of the representations underlying implicit and
explicit tests to changes in the parity or standard/reflected orientation
of objects between study and test. Subjects studied sets of possible and
impossible objects in an arbitrarily-selected standard orientation, and
they were then tested with either standard views or mirror-image
versions of the studied and non-studied objects. Although not quite as
clear-cut as in the size experiment, results revealed that robust priming
was observed in both the standard and mirror-image conditions, whereas
recognition memory was greatly impaired by the parity change (see Cooper
et.al. for further details). Thus, the data from these experiments suggest
that a size and reflection invariant structural description subserves
object decision priming, whereas the episodic representation of an object
that subserves recognition memory includes both size and reflection
information. These data are consistent with the idea that only information
about relations among object parts are preserved in structural
descriptions.

In a more recent set of experiments, we have employed a similar
experimental design to investigate the effect of study/test changes in
picture plane orientation. An initial experiment provided preliminary
evidence that transformations of orientation within the plane
significantly reduced performance on both object decision and recognition
tests. However, the data were rather noisy, resulting from the within-
subjects use of five picture plane orientations (in addition to the
standard), and the attendant small numbers of observations per cell in the
design. We then undertook a systematic replication using only three test
orientations (illustrated in Figure 1), and increasing the numbers of
observations per cell. Results were clear-cut: Substantial priming was
obtained when studied and test objects were presented in the same
picture-plane orientation, but priming was not observed when test
orientation was changed. In line with our earlier findings, explicit




recognition was impaired for orientation-transformed objects relative to
objects shown in the same orientation at study and test. We have recently
completed another experiment in this series, using only only a standard
orientation and an orientation departing by 180 deg. Similar results to
the previously described study were obtained.

The patterns of results observed in the foregoing studies raises an
important question: How can we explain the specifcity of object decision
priming to the picture plane orientation of target objects in light of the
invariance of priming over changes in size and reflection? One conjecture
that makes sense from our theoretical perspective is that structural
descriptions of three-dimensional objects are axis-based and are
computed relative to a frame of reference. That is, not only are relations
among the components of an object themselves coded in such structural
representations; in addition, the relations of these components to an
object's major axis is also preserved. Adequate evaluation of this idea
will require converging experimental work that will be carried out in the
next year.

Relation between structural and functional encoding We have

hypothesized that the structural description system operates at a
presemantic level and does not handle information about the functional
and associative properties of objects. To test and explore this idea, we
initiated a series of experiments that examine the effects of various
functional encoding tasks on object decision and recognition performance.
In our first experiment, a functional encoding task (deciding whether an
object could best be used as a 100l or for support) was compared with a
structural encoding task (deciding whether the object faces primarily to
the left or to the right), using a between-subjects design. We expected
that functional encoding would lead to higher recognition performance
than would structural encoding, because in the former but not the latter
condition, subjects presumably think of objects in a meaningful context
and in relation to their pre-existing knowledge about objects and actions
that can be performed with them. By contrast, we expected that
functional encoding would not produce more priming than structural
encoding, although we expected some priming in the functional condition,
because subjects presumably need to encode object structure in order to
make a judgment about object function.

Results of an initial experiment were consistent with these ideas:




significant priming of possible objects was observed following both
encoding tasks, the magnitude of the effect did not differ between tasks,
and no priming of impossible objects was observed following either task.
By contrast, functional encoding produced much higher levels of
recognition than did structural encoding, as reflected by a signficant
interaction of encoding task x type of test. However, overall levels of
object decision performance for studied possible objects were rather
high in this experiment (over 80%), so the lack of an encoding task effect
on priming could be attrributable to ceiling effects. To address the issue,
we conducted an additional experiment in which we lowered object
decision performance by shortening the exposure duration on the object
decision test from 100 ms to 50 ms. Under these conditions, performance
was well below ceiling levels, but the same patterns of results was
obtained: Type of encoding task had no effect on priming and a large effect
on recognition.

Additional studies in this series examined the relation between
object structure and function. In the tool/support encoding task,
structural properties of the object directly constrain the type of function
for which they are best suited -- that is, the structural features of the
object directly determine whether subjects decide that it could be used
best as a tool or for support. The question we attempted to answer is
whether such direct constraint is necessary in order to observe signficant
priming following functional encoding. By our view, priming is observed
following functional encoding because making a functional judgment
requires or entails structural analysis. However, the exact relation
between structure and function should not be important: Information about
object function is presumably represented outside of the structural
description system. Accordingly, we would expect priming to occur
whether or not object structure directly constrains object function. To
address the issue, we compared an encoding task in which structure
directly constrains function (deciding whether each object was best
suited to store things inside of or put things on top of), and an encoding
task in which function is not directly constrained by structure (subjects
were asked to imagine what type of sound each object would make).
Consistent with predictions, significant and equivalent leveis of priming
were observed following each encoding task.

The foregoing pattern of results suggests that priming is observed
following functional encoding tasks because subjects base their




functional judgments on object structure, whether or not such structure
directly constrains function. Information about functional attributes,
however, is handled and stored outside of the structural description
system, presumably by episodic memory. In ongoing research, we are
further addressing the structure/function issue by examining the effects
of combining structural and functional encoding tasks in different ways.

Studies of populations with memory disorders If object decision priming

depends on a structural description system that is independent of the
episodic memory system, then priming ought to be preserved in subjects
who are characterized by episodic memory deficits. We have conducted
two studies that provide pertinent evidence. |In one experiment, we
examined the performance of brain-damaged patients with memory
disorders. Object decision and recognition performance (following the
left/right encoding task) in six amnesic patients was compared with the
performance of six matched controls and six student controls. Results
indicated that amnesic patients showed significant -- and most
importantly, normal -- priming effects relative to control subjects.
However, the amnesics were impaired signficantly on the recognition
memory task (for details, see enclosed paper by Schacter, Cooper, Tharan,
& Rubens, in press, 1991). These dissociations have led us to argue that
object decision priming is likely mediated by brain systems that are
independent of the limbic structures that are necessary for explicit
remembering. We have suggested that priming probably depends to a large
extent on regions of inferior temporal cortex, which have been implicated
on independent grounas in the storage of size- and reflection-invariant
object representations and are generally spared in amnesic patients.

Research in progress is examining whether object decision priming
is spared in elderly adults with explicit memory deficits.

Methodological advances In addition to the studies outlined above, we

have also made progress in developing our materials and tasks. We have
enlarged our set of possible and impossible objects from 40 to 80. This
has been a time consuming process that required extensive pilot work
comprised of three stages: 1) producing new drawings of candidate
possible and impossible objects (a task accomplished by graduate
assistant Suzanne Delaney); 2) determining that when given unlimited
viewing time, subjects show 95% or better agreement that objects are




possible or impossible; and 3} determining that subjects make about 60%
correct object decisions about these same drawings when they are
exposed for 50 msec. Despite the fact that nearly 9 months was needed to
fulfill these requirements for 40 new objects (20 possible and 20
impossible), the enlarged object set will allow us greater flexibility in
our future studies. In addition, we have developed new, more naturalistic
versions of our objects (see Figure 2) Specifically, we have used the
Silicon Graphics Personal IRIS computer facility available in Cooper's
laboratory to develop object stimuli that are rendered as solid, textured,
colored, depth-cued three-dimensional objects. This new object set
consists solely of possible objects, because impossible objects cannot, by
definition, be rendered in this manner. Although construction of these
objects demanded considerable time during the award year, their
availability sets the stage for a variety of novel studies that we will
pursue in coming years.

The depth-cued objects will be used initially in a new task that we
have developed and for assessing object priming -- a symmetry judgment
task in which subjects decide whether objects are symmetrical or
asymmetrical. Use of the symmetry judgment task will make it possible
to examine effects of rotation-in-depth on priming and recognition of
novel object> (impossible objects cannot be rotated in depth), and will
also allow us to provide converging evidence on the various theoretical
hypotheses discussed above. We are also developing two tasks for
studying priming of familiar objects: an object completion task, in which
subjects study pictures of familiar objects and later complete fragments
of them with the first object that comes to mind; and an object
identification task in which subjects attempt to identify briefly
presented pictures of studied and nonstudied familiar objects. Studies
using these tasks should contribute to enhancing the breadth of our
research and theoretical conclusions.
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Objectives of the Research The main purpose of the research is to

elucidate the processes and structures involved in explicit and implicit
memory for visual objects. The major hypothesis under investigation is
that implicit memory for visual objects, as indicated by priming effects
on appropriate tests, is mediated by a presemantic structural description
system, whereas explicit memory for visual objects depends on an
episodic memory system. This hypothesis has been investigated primarily
by comparing performance on an object decision test with performance on
a yes/no recognition test On the object decision test, subjects decide
whether briefly presentad novel objects are structurally possible or
impossible; implicit memory is inferred when subjects make more
accurate object decisions about studied objects than about non-studied
objects (i.e., a priming effect). On the yes/no recognition test, subjects
attempt to remember explicitly whether they studied old and new objects.
By comparing performance on these tasks across a range of experimental
conditions and subject populations, the research should provide basic
information about the mechanisms of visual object memory.

Status of the Research Effort Experiments that were completed or

intitiated during the year of the grant can be partitioned into five
categories, each of which are summarized in turn below.

constraints on the construction of stryctural descriptions In several

early experiments examining implicit memory on the object decision task,
we found that priming was observed for possible objects but not for
impossible objects. We argued that priming on the object decision task
requires the construction of a representation that preserves
three-dimensional information about global object structure, and that the
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Implicit Memory

Toward a Resolution of the Multiple Memory
Systems Debate”

DANIEL L. SCHACTER

Department of Psvchology
University of Arizona
Tucson, Arizona 85721

Constder the following experimental situations. In the first, subjects are shown a list
of familiar words and are instructed to carefully study each of them. After perform-
ing a variety of unrelated tasks for several minutes, they are told to think back to the
study list and recall as many of the presented words as possible. Subjects are then
shown a series of words—half were presented in the study list, half were not—and
are instructed to say “ves' if they remember having studied the items, and “no” if
they do not remember them. In the second situation, subjects also study a word list
and then engage in unrelated activities for a few minutes. However, instead of then
being asked to remember previously studied items, the subjects are asked to write
down the first word that comes to mind in response to a series of 3-letter word stems:
some can be completed with previously studied words. and some cannot.

The first of these two hypothetical situations reflects the way in which cognitive
psychologists have traditionally studied human memory: by assessing subjects’ inten-
tional or explicit memorv for information acquired during a study episode with
standard recall and recognition tests. In the second situation. memory is inferred
from an enhanced tendency to complete 3-letter stems with previously studied
words; this is often referred to as “‘repetition priming” or “direct priming” (cf.,
Cofer, 1967, Tulving & Schacter, 1990). Priming effects need not and often do not
involve any conscious or explicit recollection of a prior episode, and thus can be said
to reflect implicit memory for previously studied information (Graf & Schacter. 1985;
Schacter, 1987).

Priming has been assessed with a variety of implicit memory tasks that do not
require explicit recollection of a specific prior episode. One common type of implicit
test involves completing word stems or word fragments with the first word that comes
to mind, as in the foregoing example (e.g., Graf & Mandler, 1984; Light, Singh &
Capps, 1986; Roediger & Blaxton, 1987a, b; Schacter & Graf, 1986a, b; Tulving,
Schacter & Stark, 1982). Another frequently used implicit task involves word
identification: Subjects are required to try 10 identity a word from a briet (e.g.,
50-msec) perceptual exposure, and priming is indicated by more accurate identifica-
tion of a recently studied item than of a new, nonstudied item (e.g., Jacoby, l9§3a. b;

-

4Preparation of the manuscript was supported by a National Institutes of Health Biomedical
Research Support Grant and oy a grant trom tne Air Foree Otlice of Scientitic Research.
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Jacoby & Dallas, 1981; Light & Singh, 1987; Winnick & Daniel, 1970). Similar
completion and identification tasks have been used to assess priming of nonverbal
information, such as pictures of familiar objects: Subjects are required to complete
fragmented pictures by indicating what object the fragment represents, or are
required to identify an object from a brief exposure (e.g., Mitchell & Brown, 1988:
Snodgrass, 1989; Weldon & Roediger, 1987). Priming has also been assessed with the
[exical decision task, where subjects decide whether a string of letters represents a
real word or nonword; priming is indicated when subjects make lexical decisions
more quickly for recently studied words or recently studied nonwords than for new
words or new nonwords that were not previously presented in the experiment (e.g.,
Kirsner, Milech & Standen, 1983; Scarborough, Gerard & Cortese, 1979).

Although the exact requirements of the various implicit tasks that are used to
assess priming differ from one another. priming is generally said to occur if the
probability of identifying previously studied items is increased. or the latency of an
identification response is decreased, relative to similar measures for nonstudied
items. The magnitude of priming, then, is indicated by the size of the difference
between accuracy or latency of response to studied items and accuracy or latency of
response to nonstudied items.

The most striking outcome of recent priming studies is that implicit and explicit
memory can be sharply dissociated: Several experimental variables affect the two
forms of memory differently, and subject populations that are characterized by
impaired explicit memory exhibit intact priming or implicit memory (see below for
examples; for extensive reviews, see Richardson-Klavehn & Bjork, 1988; Schacter,
1987). The existence of such dissociations, together with the observations of parallels
between implicit and explicit memory in some situations, has led to extensive
theoretical discussion concerning the underlying bases of implicit. and explicit
memory. In particular, there has been heated debate as to whether the data
necessitate the postulation of different memory systems underlying implicit and
explicit memory, or whether the results can be more usefully conceptualized in terms
of different processes operating within a unitary system (cf., Cohen, 1984; Hayman &
Tulving, 1989; Jacoby, 1983a, b; Moscovitch, Winocur & McLachlan, 1986; Roediger
et al., this volume; Roediger & Blaxon, 1987a; Schacter, 1987; Schacter & Moscov-
itch, 1984; Sherry & Schacter, 1987; Tulving, 1983; Tulving et al., 1982).

The purpose of the present article is to put forward a possible resolution to the
multiple memory systems debate. The suggested resolution accommodates some of
the main points put forward by unitary system, process-oriented theorists, yet also
argues for the usefulness of postulating entities that can be broadly conceived of as
multiple memory systems, and is thus in the general spirit of other recent attempts to
integrate the two approaches (cf., Hayman & Tulving, 1989). More specificaily, I will
propose that priming effects on a variety of implicit memory tests rely heavily on a
class of modular processors or subsystems that have been identified in recent
research by cognitive neuropsychologists and that together form what I will refer to
as a perceptual representation system, or PRS for short (see also, Schacter, Cooper &
Delaney, 1990a, 1990b; Schacter, Delaney & Merikle, in press; Tulving & Schacter,
1990). These subsystems have been described in various sectors of neuropsychologi-
cal research (Ellis & Young, 1988; Morton & Patterson, 1980; Riddoch, Humphreys,
Coltheart & Funnell, 1988), but I will focus largely on studies of reading disorders
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(i.e., alexia) and perceptual dysfunctions (i.e., agnosia). Observations from these
patient populations have not been previously brought to bear on, or thought of as
related to, implicit memory research. By the present view, however, data from alexic,
agnosic, and other patients in which PRS is either spared or impaired can provide
important clues concerning the nature and architecture of the systems that play an
important role in implicit memory.

The paper consists of four main sections: (1) a brief overview of some key
dissociations observed in studies of implicit memory for verbal materials that suggest
that priming is a presemantic phenomenon, (2) an attempt to relate these dissocia-
tions to observations concerning patients with acquired reading disorders (alexia)
and (3) object-processing disorders (agnosia) that provide the central motivation for
the PRS hypothesis. and (4) a summary of some recent research from my laboratory
concerning nonverbal implicit memory that provides a link to the agnosia data and
cmpirical support for the proposed ideas.

PRIMING: A PRESEMANTIC PHENOMENON

A number of experimental manipulations have produced implicit/explicit dissoci-
ations and delineated various features of priming (see Richardson-Klavehn & Bjork,
1988; Schacter, 1987). For purposes of this discussion, I focus on one aspect of
priming on various implicit memory tests that distinguishes it from explicit memory:
Priming appears to be a presemantic phenomenon, in the sense that (a) it occurs
whether or not subjects perform semantic encoding operations, and (b) it is quite
sensitive to changes in perceptual properties of target information. Explicit memory,
on the other hand, is generally dependent on, and greatly enhanced by, semantic
encoding operations and is less sensitive to changes in perceptual properties of target
information.

Consider first the evidence concerning the effects of semantic encoding on
implicit and explicit memory. It has been known since the classic studies of Craik and
others in the 1970s (e.g., Craik & Tulving, 1975) that performance on standard recall
and recognition tests is significantly higher following semantic study than following
nonsemantic study of to-be-remembered information. Thus, for example, when
subjects are given a semantic encoding task (c.g., to rate the pleasantness of a word,
answer a question about its meaning, and so on) subsequent probability of explicitly
remembering the word is generally much higher than if subjects perform a nonseman-
tic or structural encoding task at the time of study (e.g., counting the number of
vowels or consonants in the word). By contrast, several studies have shown that
priming effects of similar magnitude are observed following semantic and nonseman-
tic study tasks.

In an experiment by Jacoby and Dallas (1981), for instance, study processing was
manipulated by having subjects either answer questions about the meaning of target
words or decide whether or not a w-;rd contained a particular letter. Explicit memory
was then assessed with a yes/no recognition test, and implicit memory was assessed
with a word identification task in which subjects attempted to identify previously
studied words and new words from a brief exposure. Priming on the latter task is
indicated when subjects identify more studied than nonstudied words. Jacoby and
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Dallas (1981) found significant priming on the word identification test, and most
important, observed that the magnitude of the effect was the same following the
semantic and nonsemantic study tasks. Recognition memory, by contrast, was
considerably more accurate following semantic than nonsemantic encoding.

Graf and Mandler (1984) observed a similar pattern of results with different
implicit and explicit memory tests. On a stem completion test in which subjects wrote
down the first word that came to mind in response to 3-letter cues. priming effects
were just as large following semantic and nonsemantic study tasks: however. explicit
recall of studied words was significantly higher following semantic than nonsemantic
encoding. Similar patterns of results have been reported in other studies that have
compared priming effects on completion and identificatioin tasks with explicit recall
and recognition performance (c.g.. Graf, Mandler & Haden. 1982: Jacoby, 1983a. b:
Roediger & Blaxton. 1987a: Winnick & Daniel, 1970). Note. however. that some
forms of semantic study processing do facilitate implicit memory performance in
certain situations (e.g.. Graf & Schacter. 1985; Masson, 1989: Schacter & Graf.
1986a. b); this is an important point that [ will return to later.

A second key observation is that changing various kinds of surface features of
to-be-remembered items between study and test impairs performance on implicit
tests more than on explicit tests. Several different types of evidence bear on this
general point. The first and perhaps most firmly established finding is that a
study/test shift in sensory modalitv—that is. presenting the material in one modality
and testing it in another—either reduces or eliminates priming. This phenomenon
has been observed both with shifts from auditory study (i.e., hearing the word) to
visual test (i.e., seeing the word: e.g.. Graf, Shimamura & Squire, 1985; Jacoby &
Dallas, 1981; Kirsner, Milech & Standen. 1983; Morton. 1979: Roediger & Blaxton.
1987a, b; Schacter & Graf, 1989) and from visual study to auditory test (e.g., Jackson
& Morton, 1984).

In addition to modality effects, study/test changes in at least three types of
surface feature information within the visual modality appear to impair performance
on implicit tests while having less effect. or in some cases opposite effects, on explicit
recall and recognition. First, several experiments have shown that when target items
are presented for study in pictorial form (e.g., a drawing of a chair), priming effects
on a variety of implicit tests—including lexical decision (Scarborough, Gerard &
Cortese, 1979), word identification (Durso & Johnson, 1979; Kirsner, Milech &
Stumpfl, 1986; Winnick & Daniel, 1970), and fragment completion (Weldon &
Roediger, 1987)—are either entirely absent or significantly reduced relative to
conditions in which the word itself is presented for study. By contrast. explicit
remembering of words is enhanced bv pictoral presentation relative to verbal
presentation (Weldon & Roediger, 1987). Second, studies of bilingual subjects have
shown that when words that have been studied in one language are then tested in
another language on identification, completion, or lexical decision tasks, priming
effects are severely reduced relative to when the words are presented in the same
language at study and test (e.g., Durgunoglu & Roediger, 1987; Kirsner, Smith,
Lockhart, King & Jain, 1984; for more detailed discussion, see Kirsner & Dunn,
1985; Roediger & Blaxton, 1987b).

Third, a number of studies have shown that priming can be reduced even by
changes in the specific physical format of a word. Thus, for example, Roediger and
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Blaxton (1987a) found that priming effects on a fragment completion test were
smaller when target items that had been studied in handwritten form were subse-
quently tested in typed form than when they were tested in handwritten form. Jacoby
and Hayman (1987) reported that study/test changes in typeface reduced priming on
a word identification test. Recent studies using the fragment completion test have
shown that even small changes in certain aspects of word orthography can have a
dramatic impact on priming (see Gardiner, Dawson & Sutton, 1989; Hayman &
Tulving, 1989). However, other studies have failed to find evidence of such format
specific effects (e.g., Carr, Brown & Charalambous, 1989; Tardif & Craik. 1989).
Recent experiments by Graf and Ryan (in press) suggest that priming is reduced by
study/test changes in the precise physical format of a word when unusual typefonts
are used and when subjects focus on the physical appearance of a word at the time of
study.

Although a number of questions remain to be resolved concerning the role of
semantic and structural tactors in priming, two relatively unambiguous points
emerge from the foregoing studies: (1) robust priming occurs on word compietion
and word identification tests following study tasks that do not require any semantic
processing; (2) priming effects on these and other implicit memory tests depend
critically on reinstating information about the perceptual form of target items.

THEORETICAL ACCOUNTS OF SEMANTIC AND
SURFACE FEATURE DISSOCIATIONS

How can we account for the finding that performance on most implicit tests is
independent of semantic vs. nonsemantic processing during study and is highly
dependent on surface feature information, whereas performance on most explicit
tests is dependent on semantic processing and less affected by surface feature
manipulations? Schacter (1987) has delineated three classes of explanations for
these and other implicit/explicit dissociations: activation, multiple memory systems,
and processing accounts. For purpose of this discussion, I will focus on just one type
of activation view, most prominently associated with Morton (1979), that can be
considered as a subclass of the multiple memory systems explanation. Processing
views will be considered as examples of a unitary memory system account.

Multiple Memory System Views

One of the earliest accounts of repetition priming effects was derived from
Morton’s (1969) logogen model. Logogens, according to Morton’s initial formula-
tion. are modality-independent, abstract lexical units that can be activated by
presentation of a word. The logogen’s threshold for firing is lowered temporarily by
such activation; hence presentation of a word makes it easier to detect that word on a
subsequeat identification test. This model, however, was unable to accommodate
modality-specific priming effects, so Morton (1979) revised it by postulating the
existence of separate visual and auditory input logogen systems: The former contains
a representation of the visual form of @ word, the latter of ite ¢poken form. Since
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written presentation of a word activates only the visual input logogen. and the spoken
presentation activates only the auditory input logogen. modality-specific priming
effects can be accommodated. Both visual and auditory logogens are held to be
independent of a “cognitive system” that is involved in semantic processing and.
presumably. in explicit or episodic remembering. Thus. the visual and auditory input
logogens can in some sense be thought of as separate memory systems that represent
modality-specific lexical information.

Although the foregoing account can handle resuits on modality-specific priming,
it has considerable difficulty explaining the finding that within the visual modality
priming effects are disrupted by study/test changes in the surface features of words.
The logogen is held to be a pre-existing, abstract representation of the visual form of
a word: therefore, the specific manner in which the word is presented should not
influcnce logogen activation. Priming ctfects thus ought to be invariant across
changes in surface feature information. But. as discussed above. priming is otten
quite sensitive to such changes (cf., Jacobv. [983b; Roediger & Blaxton. 1987h).
Another problem with this view is that priming etfects on various implicit tests can
last a long time—hours, days, weeks, and even years (e.g.. Jacoby, 1983a; Mitchell &
Brown. 1988: Sloman, Hayman, Ohta & Tulving, 1988; Tulvinget al., 1982)—whereas
logougen activation is thought to decay within seconds or minutes (cf.. Jacoby, 1983a:
Roediger & Blaxton, 1987b; Schacter, 1987).

I have discussed the logogen view in some detail in order to highlight that its main
difficulties as a general account of implicit memory phenomena stem from the
model’s failure to accommodate the specificity and remporal persistence of some
priming phenomena. I will suggest later. however. that other aspects of this model
can be useful for conceptualizing the underlying bases of implicit memory phenom-
ena.

Other, rather different, multiple memory system accounts have also been put
forward. Thus. for example, several investigators have argued that various implicit
memory phenomena reflect the operation of a procedural memory system (or
systems) that differs fundamentally from the declarative system involved in explicit
remembering: implicit memory effects are thought to reflect on-line modifications of
encoding procedures or operations, whereas explicit remembering depends on
representations of the outcome of those procedures (cf., Cohen 1984; Squire, 1987).
It has also been suggested that priming effects reflect the operations of a ““quasi-
memory system’ that does not operate on focal memory traces or representations
(Hayman & Tulving, 1989; Tulving, 1983, 1985). These and other muitiple memory
system accounts (cf., Johnson, 1983; Mitchell & Brown, 1988; Sherry & Schacter.
1987) cite data on experimental dissociations between implicit and explicit memory
in normai subjects as well as demonstrations of preserved implicit memory in
amnesic patients to support the claim of muitiple memory systems (see Sherry &
Schacter, 1987; Squire, 1987; Tulving, 1985).

Processing Views

In contrast to the foregoing, processing views maintain that both implicit and
explicit remembering are based on newly created episodic representations within a
unitary memory systcin. Experimental dissociations between implicit and explicit
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memory are viewed as special cases of the general principles of encoding specificity
and transfer appropriate processing, which state that memory performance is
determined by the degree of overlap or match between encoded attributes of
memory representations and the processing demands of a memory test (e.g., Jacoby,
1983b; Masson, 1989; Roediger & Blaxton, 1987b; Roediger, Weldon & Challis,
1989; Witherspoon & Moscovitch, 1989). To accommodate the data on the differen-
tial effects of semantic versus surface feature processing on implicit and explicit tests,
the distinction between data-driven and conceptually driven processing has been
invoked (Jacoby, 1983b; Roediger & Blaxton, 1987a, b). By this view, most of the
standard explicit memory tests require a good deal of conceptually driven processing:
semantically based, subject-initiated reconstructive retrieval activity. In contrast,
performance on such implicit tests as word identification, and stem and fragment
completion, is largely data driven; that is, processing is determined largely by the
physical characteristics of test cues. Accordingly, it follows that explicit but not
implicit memory should benefit from semantic study processing (which is thought to
support conccptually driven processing), whereas implicit but not explicit memory
should be strongly dependent on matching of surface features between study and test
(for more detailed discussion, see Masson, 1989; Richardson-Klavehn & Bjork, 1988:
Roediger et al., 1989; Schacter, 1987)

Problems with Existing Views

Both multiple memory system and processing views can account for many of the
key empirical findings, but both have their drawbacks (Schacter, 1987). The main
problems with multiple memory system accounts, according to processing theorists,
are that (a) postulation of separate systems is not necessary to account for the data,
and (b) simply identifying a task with a particular system does not illuminate the
nature of the phenomenon in any interesting way. In additior, relatively little has
been said by multiple system theorists about the functions of the system alleged to
underly priming effects on implicit tests. Sherry and Schacter (1987) have argued that
postulation of multiple memory systems is justified when a case can be made that the
two putative systems perform distinct and incompatible functions—a condition that
they referred to as functional incompatibility between systems. Sherry and Schacter
contended that functional (as well as empirical) considerations support a distinction
between a system involved in incremental habit/skill learning and a system underly-
ing explicit recali and recognition. However, functional considerations have for the
most part not been brought to bear on the question of whether single-trial priming
effects on implicit tasks are mediated by a different system from the one involved in
explicit, episodic remembering.

A major problem with most processing views is that they do not provide a
satisfying account of why implicit memory is often preserved in severely amnesic
patients (cf., Hayman & Tulving, 1989). This problem is particularly important
because the finding that amnesic patients show normal priming on a variety of
implicit tests—despite their poor performance on explicit tests of reca!' or recogni-
tion or their frequent inability to remember the study episode itseif (e.g., Grafer al.,
1985; Schacter, 1985; Warrington & Weiskrantz, 1974)—probably constitute$ the
single most important basis for the distinction between implicit and explicit memory.
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One possibility would be that amnesic patients are deficient in their ability to engage
in conceptually driven processing. However, there is no evidence to support this view,
and since most amnesic patients exhibit normal intellectual functions (and some
patients who show robust priming effects possess superior intelligence [Cermak,
Bleich & Blackford, 1988]) this possibility seems unlikely. Moreover. amnesic
patients show intact priming effects on implicit tests that would appear to involve a
great deal of conceptually driven processing, such as category instance production
(Gardner, Boller. Moreines & Butters, 1973; Graf et al., 1985) and free association
(Schacter, 1985; Shimamura & Squire, 1984). A satisfying account of implicit
memory phenomena ought to accommodate data from both normal and amnesic
P subjects.

PRS AND IMPLICIT MEMORY PHENOMENA

In this section I sketch a theoretical framework that incorporates aspects of both
the processing and multiple memory system views. The key idea motivating this
framework is that a class of modular subsystems, which together form what I have
referred to as PRS, are critically involved in priming effects that are observed on
many (though not all) implicit tests. An important feature of these subsystems, and
PRS more generally, is that they process and represent information about the form
and structure of words, objects, and other kinds of stimuli. but do not represent
semantic or associative information about them (e.g., Ellis & Young, 1988; Riddoch ez
al., 1988; Warrington & Shallice, 1980). PRS does, however, have connections with
semantic and other systems. In this respect. the notion of PRS is similar to the
logogen systems discussed by Morton (1979). As noted earlier, however, a logogen
view does not provide a satisfactory account of the specificity and temporal persis-
tence of implicit memory phenomena. If, however, we assert that priming is not
based solely on the temporary activation of some old, abstract unit in the logogen
system and argue instead that priming often reflects the establishment of new and
highly specific representations within a particular perceptual system, these problems
can be circumvented easily. To provide a fuller analysis of these ideas, let us turn first
to research concerning acquired reading disorders for evidence concerning the
nature of PRS.

Reading Disorders and the Word Form System

Research concerning reading disorders constitutes one of the most active areas
of cognitive neuropsychology (for reviews, see Coltheart, Patterson & Marshall,
1980; Coltheart, Sartori & Job, 1987; Ellis & Young, 1988). A wide variety of classes
and subclasses of deficits have been identified, but two types of patients are
particularly relevant to the present concerns. Consider first a patient described by
Schwartz, Saffran, and Marin (1980), who was unable to gain access to the meaning
of words that were presented to her. Thus, for example, the patient could not'classify
words into semantic categories nor could she match a word to its pictoriat equivalent.
Yet despite her iniabilitv to understand the meaning of printed words. the patient
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could read them aloud quite accurately. Most important, this patient was able to read
irregular words accurately (e.g., blood, climb, gone). The ability to read irregular
words indicates that the patient had access to a stored representation of the word’s
visual form, because irregular words (uniike regular words) cannot be read on the
basis of grapheme-to-phoneme conversion. Therefore, this case can be interpreted
as demonstrating a dissociation between representations of the visual form of a word
and the meaning of that word. Similarly, Funnell (1983) described a study in which
the patient was unable to make semantic relatedness judgments about familiar words
that she could read aloud. In addition, the patient could not read aloud pronounce-
able non-words (e.g., blik), thereby indicating that her reading of familiar words was
not based on grapheme-to-phoneme conversion strategies. Sartori, Masterson, and
Job (1987) studied a similar patient who could read aloud familiar words but could
not sort these words into appropriate semantic categories; as in Funnell’s (1983)
case, the ability to read non-words was severely impaired.

These findings provide support for the idea that information about the visual
form of a word is represented by a different system or subsystem than the one that
handles semantic information about the word. An argument for a similar distinction
has been made within the auditory domain on the basis of observations with a
different set of patients (see Ellis & Young, 1988, Chapter 6). Warrington and
Shallice (1980) have referred to the visually based system as the visual word form
system, and I will adopt their terminology here. In the present scheme, the word form
system is viewed as a component subsystem of PRS that deals with the visual form
and structure of words, just as other component subsystems of PRS deal with other
kinds of form and structure information, as will be discussed shortly.

Several cases have been reported that indicate that the word form system can be
damaged selectively. Thus, for example, patients with surface dyslexia rely on
grapheme-to-phoneme conversion strategies and read irregular words as if they were
regular (e.g., trough is read as “truff”’). These regularization errors suggest that a
stored representation of the visual word form either has been lost or is inaccessible.
and thereby imply damage to some aspect of the word form system (e.g., Marshall &
Newcombe, 1973; Shallice, Warrington & McCarthy, 1983).

In addition to data from neuropsychological studies of patients with reading
disorders, converging evidence for the existence of a visual word form system has
been provided by research using positron emission tomography (PET). Petersen,
Fox, Posner, Mintum, and Raichle (1988) have shown that simple reading of familiar
words selectively activates regions of occipital cortex, whereas semantic processing of
the words selectively activates more anterior regions of the left hemisphere. Petersen
et al. argue on the basis of their data for a distinction between a visual word form
system on the one hand and a semaatic association system on the other (see also
Posner, Peterson, Fox & Raichle, 1988).

Given these independent lines of evidence for the existence of a system that
processes and represents information about the visual form of words, independent of
semantics, what are the implications for studies of priming and implicit memory? In
view of the finding that priming effects on such visual implicit tests as stem
completion, fragment completion, and word identification are crucially dependent
on encoding of visual surface feature information and are relatively independent of
semantic encoding. I suggest that the visual word form svstem plays a significant role
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in these effects. More specifically, it is hypothesized that visual processing of a word
(or a word pair) creates a representation of its particular visual features in the word
form system. If we accept the idea that processing on standard completion and
identification tests includes a major data-driven component—that is. performance is
influenced heavily by the visual form of the test stimuius—then it seems reasonable
to argue further that the visual word form systemn is engaged during implicit test
performance.

If a specific representation has been created in the word form system during
study, and the test stimulus matches critical visual features of that representation,
then subjects will be better able to identify the word from a brief exposure or will be
more likely to produce the word in response to a graphemic fragment. However,
access to a word form representation does not entail retrieval of time and place
information about when and where the word was encountered or the products of
claborative studv processing. Accordingly, such access does not provide a basis for
contextually specific explicit remembering. Because the word form system does not
represent semantic/elaborative information, prior semantic study processing of a
word should not lead to any more priming than nonsemantic study processing on
completion. identification, and similar implicit tests, as is generally observed in the
literature.

Although the foregoing ideas are in some respects similar to Morton’s logogen
notions. the critical difference is that by the present view, priming effects for the most
part do not reflect the short-lived activation of some pre-existing, abstract represen-
tation. Instead. priming is held to be based largely on a specific, newly created visual
representation in the word form system. Accordingly, the present view has no
difficulty accommodating the fact that priming frequently exhibits a good deal of
specificity and temporal persistence. But as stated earlier, specificity effects are not
always observed. so it seems likely that under some circumstances activation of
pre-existing representations plays a role in priming. It is possible that within the word
form system. both activation of pre-existing, abstract representations and creation of
novel. specific representations contribute to priming; the importance of each process
may be determined by the nature of the target materials and the encoding operations
required by a particular study task. Thus, when target words are presented for study
in unusual formats or subjects are required by a study task to attend to the physical
features of the words, priming may be based largely on novel word form representa-
tions; when words are not presented in unusual formats and study tasks do not
require processing of a word’s physical features, activation of pre-existing represen-
tations may play a more prominent role.

If implicit memory for words and other verbal materials depends crucially on
creating and accessing representations in the word form system, what about explicit
remembering of these items? Why, for example, are recall and recognition less
sensitive to surface feature manipulations than are completion and identification
performance? The answer. according to the present view, has to do with the manner
in which retrieval is initiated. On implicit tests, subjects do not think back to the
study episode intentionally; the task is to identify or complete a word, and their
attention is focused on physical properties of the cue while performing this'task. A
simple way to carry out such tasks as word identification and completiorris to rely on
the output of the word form system. On an explicit test, in contrast, the task for
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subjects is to recollect what was studied during a particular episode. Attention is not
focused exclusively on the physical properties of the cue; rather, the cue is used as a
guide to aid reconstruction of the target item. The kinds of information that are
typically useful for performing this task—elaborations concerning the target items,
and contextual information about the time and place that the word was encountered—
are not represented in the word form system. Thus, retrieval queries must be
directed to a system or systems other than the word form system. The one that is most
likely to be useful when performing explicit retrieval tasks is roughly equivalent to
the episodic memory system discussed by Tulving (1972, 1983). (Note that the word
form system and other components of PRS are “cpisodic” in the sense that they
represent individual bits of information that are acquired during an episode. They do
not, however, represent elaborative information that links an event to pre-existing
knowledge nor do they represent time and place information: I use the term
“cpisodic” only in reference to the system(s] that performs these functions). Even
though the output of the word form system (or other subsystems of PRS) is not alone
sufficient to support a “full-blown” re-experiencing of a recent episode, it might wel!
support a rudimentary form of familiarity or perceptual fluency (cf.. Jacoby & Dallas,
1981; Mandler, 1980): a recently established word form representation may pop to
mind quickly, thereby providing a basis for a feeling of familiarity under some
conditions. Accordingly, PRS likely contributes to recognition memory performance
that is based on perceptual fluency or familiarity, rather than on contextual retrieval.

The foregoing ideas can accommodate data from normal subjects showing
dissociable effects of semantic and surface feature manipulations on implicit and
explicit tasks, specificity of priming effects within the visual modality, and long-
lasting implicit memory effects, while at the same time providing a reasonable
account of the amnesia data. With respect to the latter issue, the idea is that amnesic
patients do not have impairments in the word form system, so they should show intact
priming effects when an implicit task draws exclusively on this system. Therefore, the
locus of amnesic patients’ deficits would be either at the level of a damaged episodic
system or an episodic system whose outputs are disconnected from awareness (see
Schacter, 1989).

Additional support for the role of the word form system in priming is provided by
a recent study of a letter-by-letter reader, PT. (Schacter, Rapscak, Rubens, Tharan
& Laguna. in press). Letter-by-letter readers are generally unable to engage in
“whole word” reading but can read if *hey are allowed to use a slow process of
serially identifying successive letters of a word (e.g., Patterson & Kay, 1982; War-
rington & Shallice, 1980). Once a word is identified, comprehension of word meaning
is intact. In some cases of letter-by-letter reading, the deficit may be attributable to
an impaircd word form system (Warrington & Shallice. 1980), whereas in other cases
the deficit appears to be attributable to an impairment in parallel (but not serial)
transmission of letter information to an otherwise preserved word form system
(Patterson & Kay, 1982). Neuropsychological assessment of patient PT provided
strong evidznce for preservation of the word form system (see Schacter er al, in
press, for details).

According to the present hypothesis that the word form system plays an impor-
tant role in priming, PT ought to show robust priming effects on a task such as word
identification, where studied and nonstudied words are exposed briefly and the
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patient attempts to read them. We investigated this hypothesis by allowing PT to
study a list of target words by reading each word letter-by-letter; we then gave her a
word identification test in which studied and nonstudied words were exposed briefly
(i.e., 500 msec) and PT attempted to identify them. Despite the fact that the patient
could only read correctly about 5-10% of nonstudied words on the basis of a
500-msec exposure, she showed a large priming effect in several experiments: PT
identified from 3045% of previously studied words from the 500-msec exposure.
The priming effect was modality specific; no priming was observed following auditory
study of words. Additional experiments showed that priming could not be attributed
to explicit memory strategies, nor could it be attributed to letter-level processes (see
Schacter et al. in press). These results are both consistent with and provide
additional empirical support for the idea that the word form system is critically
involved in priming. In addition. this study illustrates the heuristic usefulness of the
PRS framework: The present ideas led directly to testing a prediction about priming
in a type of patient (a letter-by-letter reader) in which priming had not been studied
previously.

It is important to point out at this juncture that the present argument does not
hold that the word form system or PRS plays a key role in priming effects on all
implicit memory tests. As noted above, implicit tests such as category instance
production contain a large conceptually driven component. By the present view,
priming effects on such tests reflect modifications of, or additions to, semantic
knowledge and are based on systems other than PRS. The previously mentioned
finding that some implicit memory effects are dependent on semantic study process-
ing can be considered in light of this idea. One such effect is the phenomenon of
implicit memory for newly acquired associations described by Graf and Schacter
(1985, 1987; Schacter & Graf, 1986a, b, 1989). In these experiments, subjects studied
unrelated word pairs (e.g., SHIP-CASTLE) and then performed a cued stem
completion test in which they wrote down the first word that came to mind in
response to a 3-letter stem that appeared next to a whole-word cue. Graf & Schacter
found that subjects showed more priming when target word stems appeared with
their study list cues (c.g., SHIP-CAS__) than when they appeared with other cues
(e.g., MOTHER-CAS__), thereby indicating that a new association between the
words influenced stem completion performance. Significantly, however. this associa-
tive effect was observed only when subjects had engaged in a study task that required
processing of a meaningful link between the two target items (Graf & Schacter, 1985;
Schacter & Graf, 1986a). In addition, this associative effect was significantly reduced
by a study/test modality shift (Schacter & Graf. 1989). The modality specificity of this
phenomenon fits well with the present view. but the fact that it depended on some
type of semantic study processing may appc :r problematic: If the visual word form
system—a nonsemantic system—is signific::ntiv involved in stem completion perfor-
mance. why should semantic study processiie b necessary to observe associative
priming in the Graf and Schacter paradigm

A possible resolution to this apparent paradox consists of the following notions:
(a) the word form system drives completion performance on this task, so priming
depends on a test cue matching a newly established representation of thé visual
features of the target pair and is therefore modality sensitive: (b) the cued stem
completion task also induces some conceptuallv driven processing (more than the
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standard stem completion task), since the presence of the context word may lead
subjects to try to retrieve semantically related items; and (c) the representation in the
word form system does not itself contain semantic information. but can provide
access to the system (be it episodic or semantic) that represents newly acquired
semantic information about the pairs. Interactions between the word form system
and the semantic system are crucial in reading (e.g., Schwartz er al.. 1980: Shallice &
Saffran, 1986), and it seems likely that similar interactions could occur if an implicit
memory task induced both data-driven and conceptually driven processing, as
appears to be the case with the cued stem completion task. As long as we assume that
the word form systern can interact with other memory and cognitive systems, the Graf
and Schacter data can be accommodated. Moreover. the notion that implicit memory
for new associations entails an interaction between the word form system and either
an episodic or scmantic system may explain why associative effects in the Graf and
Schacter paradigm are not shown by many amnesic patients (cf., Cermak et al.
1988a, b; Schacter & Graf, 1986b; Shimamura & Squire. 1989): Damage to compo-
nents of these systems may prevent the occurrence of associative effects.

Visual Object Agnosia and the Structural Description System

As mentioned earlier in the chapter, cognitive neuropsychological research has
identificd a number of subsystems of PRS in both the visual and auditory modalities.
Accordingly, it is important to emphasize again that the present account does not
maintain that implicit memory phenomena should be identified exclusively with the
activities of the word form system or that this subsystem constitutes the sole basis of
implicit memory. PRS represents just one type of system that can support implicit
memory; for example, motor systems are likely involved in the ability of amnesic
patients to learn motor skills without remembering the episode in which they
acquired the skills (e.g., Milner, Corkin & Teuber, 1968). Moreover, the word form
system is, in turn, just one of several subsystems of PRS that have been described. I
will now consider another such subsystem, referred to as the structural description
system (Humphreys, Riddoch & Quinlan, 1988; Riddoch, Humphreys, Coltheart &
Funnell, 1988). This subsystem may support a rather different type of implicit
memory effect from that attributable to the word form system.

The structural description system represents information concerning the form
and structure of common visual objects. Importantly, however, this system does not
represent associative or functional information about what an object means or how it
is used; such information is represented in a semantic system with which the
structural description system interacts. Evidence for a distinction between the
representation of structural and semantic information about objects has been
provided by studies of patients with various forms of visual agnosia—an inability to
recognize familiar objects (for review and theoretical discussion. see Humphreys &
Riddoch, 1987; Warrington, 1982). Consider, for example. a case described by
Riddoch and Humphreys (1987a, b). Their patient was characterized by a modality-
specific deficit in naming and recognizing objects from vision. Thus, when exposed
visually to an object the patient could not name it, although he was reasonably good
at providing the name from an auditory description. The patient also performed
extremely poorly on various tasks that required access to semantic knowledge about
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an object from vision: he could not answer questions that probed stored functional
knowledge (e.g., when shown a picture of an animal he couid not accurately say
whether it was kept as a pet) or associative knowledge (e.g., he could not say whether
an animal was associated with a particular country); he also was extremely poor at
matching pictures of objects to appropriate category names. His performance on all
these semantic tasks improved considerably when they were carried out entirely in
the auditory modality.

In contrast to his inability to gain access to semantic knowledge about objects
from vision, the patient performed normally on tasks that tapped knowledge of
object structure. Thus, for example, Riddoch and Humphreys tested the patient on
an object decision task in which he had to decide whether a line drawing represented
a real object or not. Some of the drawings depicted actual objects; others depicted
nonobjects that were created by deleting critical features from real objects or adding
incorrect features to them. The patient performed normally on this task, thereby
indicating that he retained intact access to structural knowledge about objects (see
Riddoch & Humphreys, 1987a, b, for other tasks revealing intact structural knowl-
cdge). On the basis of this and other cases (e.g., Sartori & Job. 1988; Warrington,
1975; Warrington & Taylor, 1978), several investigators (e.g., Humphreys & Rid-
doch, 1987; Riddoch & Humphreys, 1987; Riddoch et al., 1988; Warrington, 1982;
Warrington & Taylor, 1978) have argued that knowledge of the form and structure of
objects is represented in a structurally based system that is distinct from, but
interacts with, a semantic system that represents associative and functional knowl-
edge about objects (for a different view, see Shallice, 1987). The structural descrip-
tion system, then, can be thought of as a subsystem of PRS that performs functions in
the object domain that are similar to those performed by the word form system in the
verbal domain.

Structural Descriptions and Implicit Memory for Visual Objects

Although the evidence from agnosic patients suggests the existence of a pre-
semantic object representation system, the critical question for present purposes is
whether this system can be implicated in implicit memory—that is, whether evidence
exists that priming of visual objects depends on the structural description or some
similar system. As argued elsewhere in an extensive review of studies on nonverbal
priming (Schacter, Delaney & Merikle, in press), there have been few attempts to
address this question. Moreover, many of the published studies are difficult to
interpret because of failures to rule out the possibility that observed priming effects
are attributable to explicit memory processes. In two recent lines of research, my
colleagues and I have provided evidence that implicates the structural description
system in priming of visual objects.

In one study, Schacter and Merikle (in preparation) examined whether nonseman-
tic study processing is sufficient to produce priming of familiar visual objects, just as
nonsemantic study processing is sufficient to produce priming of familiar words in
studies that were discussed earlier (e.g., Graf & Mandler, 1984; Jacoby & Dallas,
1981). Although studies of object priming have been reported. little attedtion has
been paid to the question of whether such priming is a pre-semantic-phenomenon
(see Schacter et al, in press, for discussion). To examine the issue, Schacter and
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Merikle used a set of line drawings of familiar objects and perceptually degraded
fragments of the same objects (the drawings and fragments were compiled by
Merikle & Peterson [in preparation]). In the experiment, subjects initially viewed 14
line drawings (e.g., a whistlc. a tlower) for 5 sec per drawing. For half the drawings,
subjects performed a semanuc orienting task in which they generated functions for
the depicted object; for the other half of the drawings, subjects performed a structural
orienting task in which they counted the number of vertices in each object.

To assess priming, perceptual fragments of studied objects were presented
together with an equal number of fragments that represented nonstudied objects. In
previous studies using fragmented pictures. subjects have usually been asked to try to
identify cach object (c.g.. Snodgrass, [989; Warrington & Weiskrantz, 1968; Weidon
& Roediger, 1987). However. such instructions allow and may even encourage
subjects to use explicit memory strategies to aid object identification: that is, when
subjects are asked to identifv a fragment of an object. they will likelv make use of any
information that can aid task pertormance. including cpisodic intormation that is
accessed through intentional. cxplicit retrieval strategies. Consistent with this idea,

TABLE 1. Object Completion and Object Recall Performance as a Function of
Study Task"

Study Condition
Type of Test Semantic Structurai
Completion 0.45 0.46
Recalt 0.83 0.69

NOTE: On the completion test. subjects completed perceptual fragments of objects with the
first object that came to mind: on the recall test. subjects were given the same fragments and
were asked to remember the previously studied objects. For the completion test. baseline rate
of completing fragments representing nons*udied objects with a target object was 0.22.

“From Schacter, D. L. & E. P. Merikle. in preparation.

Schacter et al. (in press) have noted that it has been difficult to obtain strong
dissociations between priming and cxplicit memory with the traditional picture
fragment completion paradigm.

To circumvent the foregoing problem, Schacter and Merikle altered the instruc-
tions for the fragment completion task so that subjects were told to respond to cach
perceptual fragment with the first object that comes to mind (see also Heindel. Salmon
& Butters, in press). It was emphasized that there was no correct or incorrect answer
on this task, and that any object that popped into mind in response to the fragment
would be an acceptablie response. To discourage further the use of explicit memory
strategies. perceptual fragments were presented for 500 msec and subjects were
instructed to respond as quickly as possible. A separate group of subjects was given
an explicit memory test in which the same perceptual fragments were presented as
cues, but subjects were instructed to think back to the study list and indicate which
studied object they were reminded of by the test fragment.

The results of the experiment. depicted in TABLE 1, yielded three key outcomes:
(1) significant priming was observed for studied objects relative to nonstudied
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objects; (2) the magnitude of priming was essentially the same in the semantic and
structural encoding conditions; and (3) explicit memory performance was signifi-
cantly higher in the semantic than in the structural encoding condition. The finding
that the encoding manipulation affected recall but not completion performance
indicates that the priming effect cannot be attributed to explicit memory; if priming
were based on explicit retrieval. it, too, should have been affected by the encoding
manipulation. The finding that priming was equivalent following the vertex-counting
and function-generation tasks indicates that nonsemantic, structural study process-
ing is sufficient to support implicit memory. These results are thus consistent with,
and provide direct empirical support for, the hypothesis that priming of familiar
visual objects depends on a presemantic perceptual system that can be dissociated
from explicit memory. V

In a second line of research on object priming, we have provided evidence in a
series of studies that suggests that the structural description system is involved in
priming of novel visual objects (Schacter, Cooper & Delaney, 1990a. b ). In these
experiments subjects were first exposed to a series of line drawings that depict
unfamiliar and rather unusual 3-dimensional objects (see FIG. 1). Although none of
the drawings represent actual objects, some of them depict possible objects whose
surfaces and edges are connected in such a manner that they could exist as
3-dimensional entities in the real world; other drawings depict impossible objects that
contain subtle structural violations that would prohibit them from actually existing in
3-dimensional form. Implicit memory for the objects was assessed with an object
decision test in which subjects were given a 100-msec exposure to studied and
nonstudied possible and impossible objects and were required to classify each object
as possible or impossible. This task does not require explicit reference to, or
conscious recollection of, the prior study episode. Thus, if object decision perfor-
mance is higher for studied than for nonstudied items, there would be some evidence
of implicit memory for the objects.

To perform the object decision test accurately, subjects must gain access to
information about the global structure of each object: Classification of an object as
“possible” or “impossible” requires a thorough analysis of the structural relations
among components of the object. We believe that this task engages the structural
description system. Therefore, object decision performance should be facilitated by
prior study of an object if the study task involves encoding of global object structure;
by the present view, such encoding will produce a new representation of the object in
the structural description system. We examined this idea in our first experiment. One
group of subjects performed an encoding task that required analysis of global object
structure: They had to decide whether each object faced to the left or to the right. A
second group was required to indicate whether each object had more horizontal or
vertical lines; this task required encoding only local features of the object. Subjects
were then given either an object decision test or a standard yes/no recognition test;
subjects in the recognition group were in addition given an object decision test
following the recognition test (for further methodological details, see Schacter et al.,
1990a). We expected that object decision performance would be facnhtated by the
left/right task, but not by the horizontal/vertical task.

The results generally conformed to this hypothesis. The data in TABLE 2 sﬁow the
object decision data as a function of encoding task, studied versus nonstudied items,
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FIGURE 1. Sample objects taken from Schacter, Cooper & Delaney (1990a). The drawings in
the upper rows depict possible obiects that could exist in 3-dimensional form: the drawings in
the lower rows depict impossible objects that contain structural violations that would prohibit
them from actually existing in 3-dimensional form. See text for further explanation (copyright.
American Psychological Association).
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and test order (i.e., whether the object decision test was given alone [first test] or
after recognition [second test]). Only the results for the possible objects are depicted;
there was no evidence of priming for impossible objects in any of our experiments
(see Schacter et al., 1990a, for discussion). As indicated by TABLE 2, object decision
performance was considerably more accurate for studied than nonstudied items
following the left/right task. but there was weak and nonsignificant evidence of
priming following the horizontal/vertical task; a significant interaction between type
of study task and studied/nonstudied objects was observed. These data support the
hypothesis that implicit memory for unfamiliar objects depends on access !0 a
structural description of the target objects. In addition, performance on the object
decision task was about the same in the first and second test conditions. This means
that the appearance of studied and nonstudied items on the recognition test did not
facilitate subsequent object decision performance—that is, deciding whether an
object is old or new apparently does not entail the kind of structural encoding that is
necessary to facilitate object decision performance. This finding suggests that a
highly specific form of structural analysis is necessary in order to produce priming on
an object decision test. The recognition test data revealed a nonsignificant difference
between the left/right task (0.67 hit rate) and the horizontal/vertical task (0.61)
although the difference in performance after these two tasks was significant on the
object decision task. Moreover. a contingency analysis of the relation between object
decision and recognition performance revealed stochastic independence between
the two tests—the probability of responding correctly on the object decision task was
uncorrelated with the probability of responding correctly on the recognition task.
These results indicate that recognition and object decision performance rely on
different types of underlying representations.

Further evidence indicating a dissociation between object decision and recogni-
tion performance, and also highlighting the presemantic nature of object decision
priming, was provided by a second experiment in which we compared the left/right
study task to an elaborative encoding condition. On the latter task, subjects were
required to think of a real-world object that each drawing reminded them of most.
We reasoned that this task would require subjects to achieve a meaningful interpre-
tation of the object, generate their own elaborations, and relate the object to
pre-existing knowledge of structures. These kinds of semantic encoding activities
ought to enhance explicit recognition of the objects even more than does the left/right

TABLE 2. Object Decision Performance as a Function of Study Task,
Test Order, and Item Type¢

Encoding Condition/Test Order

Left/Right Horizontal/Vertical
Item Type First Second M First Second M
Studied 0.81 0.81 0.81 0.72 0.63 0.67
Nonstudied 0.63 0.71 0.67 0.64 0.64 0.64
M 0.72 0.76 0.68 0.64

NoTE: Each number in the table reflects the proportion of possible objects classified correctly
on the object decision test. -
9 Adapted from Schacter, Cooper & Delaney (1990a).
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TABLE 3. Object Decision and Recognition Performance as a Function
of Study Task and Item Type?

Encoding Condition

Object Decision Test Recognition Test
Item Type Left/Right Elaborative Left/Right Elaborative
Studied 0.78 0.76 0.69 0.88
Nonstudied 0.66 0.73 0.26 0.19

NoTE: For the object decision test, each number reflects the proportion of studied or
nonstudied possible objects classified correctly. For the recognition test, the first row indicates
the proportion of studied possible objects called “old” (hit rate) and the second row indicates
the proportion of nonstudied possible objects called ““old” (false alarm rate).

4 Adapted from Schacter, Cooper & Delaney (1990a).

task. If priming of object decision performance is mediated by a structural description
system that does not represent semantic. information about objects, however, elabo-
rative encoding should not lead to better object decision performance than does
left/right encoding.

Relevant data are presented in TABLE 3, which displays the recognition resuits,
as well as the object decision data collapsed across first and second tests (as in the
first experiment, there were no differences between these conditions). These data
reveal a clear dissociation between object decision and recognition performance:
Whereas recognition memory was considerably higher following the elaborative
encoding task than the left/right task, there was significantly less facilitation of object
decision performance following elaborative than left/right encoding. In fact. al-
though the overall level of performance in the elaborative condition was reasonably
high (reflecting the high level of baseline performance even for nonstudied items),
there was no difference between the studied and nonstudied objects. Thus, the same
elaborative encoding manipulation that improved explicit memory for the objects
eliminated implicit memory. This resuit is entirely consistent with, and provides
support for, the notion that priming effects on the object decision task are mediated
by a pre-semantic structural description system that does not handle semantic/
associative information about objects.

CONCLUDING COMMENTS

The main argument of this chapter is that many implicit memory phenomena
reflect the operation of subsystems of PRS that are dedicated to the processing of
structural and form information in various input domains. As stated throughout the
article, PRS is not held to be involved in all implicit memory phenomena; implicit
tests that require conceptually driven processing (cf., Masson, 1989; Roediger er al.,
1989; Schacter, 1987) likely tap semantic and perhaps episodic forms of memory. The
key point of the present proposal is that nonsemantic implicit tests such as fragment
and stem completion, word identification, object decision, and others draw heavily
on PRS. Two subsystems of PRS—word form and structural description—have been
considered, but other perceptual subsystems have been postulated on neuropsvcho-

.
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logical grounds (e.g., Ellis & Young. 1988: Morton, 1979; Riddoch et al. 1988).
Though similar in some respects to Morton's logogen model. the present view holds
that priming effects on many implicit tests are driven primarily by highly specific, new
representations within a particular subsystem, rather than by the activation of old.
abstract representations. It is possible to study the latter type of effect through the
use of special masking procedures (c.g.. Forster & Davis, 1984: Forster. Booker.
Schacter & Davis, 1990). but activation of abstract nodes, units, or logogens cannot
account for all the data reported in implicit memory experiments.

The ideas that have been put forward are here not so much inconsistent with
existing notions as they are complementary to them. Although the present approach
can be characterized as a mul:*~}: systems orientation. it incorporates the transfer-
appropriate processing  “ncip.c as a useful way of conceptualizing and describing
implicit/explicit dissoci.  as (cf.. Havman & Tulving, 1989). It also attempts to go
bevond this. however, by arawing on relevant cognitive neuropsychological observa-
tions to specify more precisely the naturce of the systems involved in implicit memory.
And in agreement with processing views (cf., Roediger er al., 1989. Witherspoon &
Moscovitch, 1989). no claim is made that all implicit memory phenomena retlect the
operation of a single memory svstem. In fact, the present view holds that implicit
memory effects are linked to the activity of a variety of systems: precisely which
system (or systems) contributes to performance depends crucially on the task that is
used and the kind of knowledge that is tapped. Accordingly, the view adopted here
(like processing approaches) allows for and even predicts the occurrence of dissocia-
tions among implicit tests. particularly between tests that tap PRS on the one hand
and the semantic systcm on the other (cf., Blaxton, 1989). The present approach
seeks to go beyond processing views, however, by placing some structural constraints
on the processes involved in implicit memory. Similarly, most previous multiple
system accounts of priming effects. though similar in spirit to this approach, have
been somewhat vague regarding the exact nature and functions of the systems
underlying implicit memory (e.g.. Hayman & Tulving, 1989. Squire. 1987). By
arguing that PRS plays a kev role in many implicit memory tests. and specifving two
candidate subsystems (word form and structural description), it is hoped that a
sharper characterization of the systems involved in implicit memory can be achieved.

Finally, it is useful to consider more generally the manner in which the idea of
“multiple memory systems” applies to the present formulation. Sherry and Schacter
(1987) argued that the existence of independent processing modules that perform
domain-specific computations need not be taken as prima facie evidence for the
existence of multiple memory systems. For example, the modules could all output to
a common memory system. Alternatively, even if each module had its own memory
system, they could all operate according to similar rules. Sherry and Schacter
suggested that it is only useful to talk about muitiple memory systems when a case
can be made that the svstems operate according to different rules and perform
distinct functions. One source of evidence for “different rules of operation™ comes
from empirical observations of dissociations produced by experimental variables and
subject groups. However, this alone is not sufficient grounds for postulating multiple
memory systems, because empirical dissociations within a system can be observed
(e.g., Roediger, 1984). According to Sherry and Schacter (1987), it is also important
to consider the functions that allcged systems perform. If the hypothesized systems
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perform different and mutually incompatible functions, then one has a stronger basis
for postulating multiple memory systems.

With respect to the present account. it seems justifiable on both empirical and
functional grounds to argue that the word form and structural description sub-
systems should be conceptualized as distinct from, but interacting with, episodic and
other memory systems. Numerous dissociations reported in the literature, plus the
object-priming studies described here, indicate that these systems operate quite
differently from episodic memory. In addition, the functions performed by these
systems—representation of form and structure within lexical (word form system) and
object (structural description system) domains—are distinct from, and perhaps
incompatible with, functions performed by the episodic system (i.e., representation
of meaningful events composed of numerous types of information in particular
spatiotemporal contexts). It is less clear. however, whether the word form and
structural description systems are characterized by different rules of operations.
which is why it seems most prudent to characterize them as subsystems of PRS. At
the very least, the idea that these and other PRS subsystems play a key role in implicit
memory seems worthy of further investigation. From a heuristic point of view, the
idea suggests that careful attention to alexia. agnosia. and other neuropsychological
syndromes that involve disruption of perccptual representation systems should pay
rich dividends for implicit memory research (Schacter et al., 1990a).
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DISCUSSION

J. FUSTER (UCLA School of Medicine. Los Angeles, CA): Did that patient with
acquired dyslexia have an identifiable or documented lesion?

D. SCHACTER (University of Arizona, Tucson, AZ): Well. there have been three
paticnts that [ am familiar with in the literature so far. The original Schwartz. Marin.
and Saffran patient had Alzheimer’s disease. so there was obviously widesprecad
pathology. There have not been precise lesion data provided for the two patients
reported since then. One patient was reported by Funnel and onc by Sator.
Masterson. and Job. Both had left anterior strokes, so some general information is
available. I can’t give you a better answer to that question. The literature has not
provided it vet.

FUSTER: Another question. a simple question: Why do vou need to postulate
dichotomies of the kind you do. when you might possibly be dealing with™a gradual.
graduated hierarchy, say, in cortex from the very concrete to the more general and
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categorical that might form a continuum, where the presentations would be stacked
up from the most concrete. most data-driven to the most general, most categorical?

SCHACTER: Yes, there might well be a continuum in there, but I think in order to
make these things sharp, at least in the beginning, one should begin with a
dichotomy. If the dichotomy breaks down. well, so be it, but at ieast you can try to
push the dichotomy and make it break down. so I wouidn’t rule out that possibility.

A. SHIMAMURA (University of California, Berkeley, CA): I think that your frame-
work is very nice. You have said explicitly what Larry [Squire] and I have felt
implicitly. What is nice is that you have now pinned brain systems to some of these
implicit memory systems. perhaps in neocortical areas, where the damage is not
located in the areas where amnesic patients show damage. But in some sense, and
correct me if I'm wrong, aren’t you basically saying you can cross out ““declarative”
and put “scmantic” there: cross out “nondeclarative” and put ““nonsemantic” there;
and undcrneath put the word form system. the structural description system,
and...?

SCHACTER: Yes, more or less. My view is consistent with your general point that
in the implicit domain probably more than just one system exists. We're not talking
about only two memory systems. one for explicit memory and one for implicit
memory. What may make Roddy [Roediger] and others uncomfortable is that I'm
talking about several memory systems. I think the saving grace. and the reason I am
willing to entertain this possibility, is that there is the convergent and initially
suggestive evidence from independent domains. If we simply postulate separate
systems every time we have a dissociation. however, we are lost.

SHIMAMURA: Larry Squire, 1, and our co-workers never really thought that all the
abilities within the umbrella of procedural memory would be controlled by one brain
system.

SCHACTER: No, [ agree completely with Larry in that respect. I think his point has
been for a number of vears that within the procedural or implicit domain you are
dealing with a lot of different systems. Here, I am trying to say let’s get more specific
about what the systems are and what functions they perform.

J. COHEN (Camegie-Mellon University, Pittsburgh, PA): You used the priming
effects on novel stimuli such as non-words as evidence against an activation-based
approach or model. But I wonder why? It seems to me in that case it could just be
priming of the orthographic phonological subunits, which would still be an activation-
based explanation.

ScHACTER: Right. That is a good point, and I think it is something that comes up
with any novel stimulus. That is, in what sense is it novei? There is perhaps, always a
lower level at which the information is previously represented and you are just
assembling it in a new way. However, at the level of words, the non-words obviously
are novel—at the word level, but not at the letter level.

COHEN: | asked that question because I was wondering what a model or a
mechanism underlying this implicit system would be, if it is not an activation-based
model?

SCHACTER: Well, here we have another terminology issue. All of this could
invoke activation in the very general sense that it is used in numerous models. But the
activation explanation in this particular context refers specificaily to the idea that you
arc not adding anything new to the system. you are just temporarily lighting up
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something that was already there. which dies down quickly. So it is not the activation
concept that is at issue. [ suppose it’s the question of ““old™” versus “new’ representa-
tions that is at issue. Is implicit memory based on the activation of old representa-
tions or the creation of new ones?

COHEN: It is still something old that vou are lighting up. it's just at a lower level.
that’s all.

S. KEELE (Universitv of Oregon. Eugene, OR): It scems to me that a tailure we have
had as psvchologists is to define “sermantics™ in a way that we can make contact with
neural systems. [ don’t know how to specifv semantics. Where is it in the neural
system, and what role does the hippocampus have in fixating a semantic memory? Do
vou have any ideas about what semantic memorv might mean in a kind of pseudo-
neurological sense?

SCHACTER: Well. I think the first thing [ would say is that to me the difference
between semantic and nonsemantic involves going bevond the structure of the
stimulus as given: when vou do that. vou are passing into the semantic domain.
Everything I have talked about as nonsemantic could be construed as dealing with
the structure of the stimulus as given. As to the representation of semantics. again
one can appeal to some of the data. Some of the Posner. Peterson. and Raichle work
shows a more anterior focus of cerebral blood flow activation when vou are doing
semantic tasks. There is a massive literature showing that there seems to be a left
hemisphere locus for these things: the literature goes back a long time. For example,
I talked about the associative agnosias. You generally don't get that without some
sort of a left hemisphere lesion. So. one can hand-wave a little bit about that, but as
for the hippocampus and semantics. that becomes a very difficult issue.

L. NADEL (Universitv of Arizona. Tucson, AZ): Let me add something to that. The
word “‘semantic” is another one of those unfortunate words that has bcen used by
psychologists in a way that is somewhat similar to, but actuallv quite different from,
the way in which it has been used in psvcholinguistics. The notion of “‘semantics™ that
arises in the distinction between syntax and semantics is verv different from the
notion of semantics cntailed bv the distinction between cpisodic and semantic.
Consequently, there has been confusion about this notion of semantic with respect to
the sense in which we are using it. Mostly we are talking about it in a way that is quite
different from the way that language people talk about it. That has led to confusion.

SCHACTER: In the object domain I think you can make somewhat of a sensible
distinction if you talk about a semantic domain composed of functional. associative,
and perhaps contextual properties of an object. These go bevond the physical form
and structure of an object: the presemantic system that I have discussed is restricted
to that physical form.

J. FAGAN (Case West~ -1 Reserve Universitv, Cleveland. OH): What is the matter
with the word “meaning”?

SCHACTER: Nothing. Nothing at all.

FAGAN: Is that what you mean by “semantic”’? Does “semantic” mean *‘some-
thing that has mcaning™”

SCHACTER: Yes. it means that in a certain sense.

J. WERKER (University of British Columbia, Vancouver. B.C.): I can’t help but be
reminded of some more ancients in developmental psychology. Bruner and Wemer
come to mind. with their sensorimotor, perceptual. and conceptual sorts of represen-
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tations. I like the distinction between something like *‘perceptual” and something
like a “semantic representational system.” I think that distinction might be very
useful. I like your use of the word “meaning” rather than “semantic.” because I
always worry that what we are left with is that the only thing that qualifies as semantic
memory is something we can talk about. [ think of the split brain studies. Would it be
that anything that is in the right hemisphere in a split brain patient can’t possibly
qualify as semantic memory?

SCHACTER: No, I don’t think that. in principle, would be true. No. I think you can
express semantic or meaningtul knowledge without language. using other response
systems.

WERKER: Right.

NADEL: With respect to this whole idea. I would like to add a historical note.
There’s a chapter called “Limited Amnesias™ in a book called Amnesia: agnosias.
apraxias, and a variety of such svndromes are discussed as limited forms of amnesia.?
That was the first statement that 1 have seen of the idea that one can think about
these early processing systems as modular, representational. or memory systems.
Psychologists at that time were restricting the use of the term “memory” to what
Miller called “‘grade A certified learning.” which is now called episodic memory. We
are now using the word “memory” in a much broader sense, to include anything that
reflects some impact from prior experience. So. the field has moved. but these ideas
have been around for some time. They just haven’t been talked about in the same
way.

SCHACTER: Certain aspects of the ideas. yes.

R. CASE (Stanford Universitv. Stanford, CA). At the beginning of your talk you
said a problem with Roddy [Roediger’s] transfer-appropriate processing view was
that it had trouble dealing with certain kinds of things that amnesics can do, which
you might expect they couldn’t do, which are of a conceptual nature. I have forgotten
your example, but could you come back to it and show how your view does allow you
to account for that?

SCHACTER: Well, for example, category instance production, or some work Art
{Shimamura] has done with priming of semantic associates. Art can describe the
paradigm better than 1.

SHIMAMURA: Well, you give a paired associate like ““table” and “‘chair.” Later on
you give the word, “table,” and ask subjects to free associate to it.

SCHACTER: Or the one where you don’t present the actual associate. These are
what would be thought of as conceptually driven tasks. Now, what I would say is that
is not in the domain of the perceptual systems I have discussed. That is, using implicit
tests to tap into a semantic system we find that, at least with respect to old knowledge
in the semantic system, amnesics are OK; they show substantial priming of pre-
existing semantic knowledge. It's another issue as to whether amnesics can add
anything new to the semantic system. Harking back to the discussion we had before
about the kind of mixed findings that have been found with the priming of novel
paired associates, which involve some semantic processing. From my point of view,
onc might think of that as now getting out of the domain of these perceptual systems.

N

bLisMAN, W. A. 1966. Limited amnesias. In C. W. M. Whitty & O. L. Zangwill, Eds. Anmmesia.
Butterworths. London.
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into perhaps some cross-talk between perceptual and semantic svstems, because
these novel associate priming ctfects are both modality-specific and semantically
dependent. Perhaps when vou get into the cross-talk of these systems you don't get
the purely preserved etfect in amnesics that vou do when vou stay safelv within one of
these systems. That is just a speculation.

H. L. ROEDIGER (Rice Universitv. Houston, TX ): 1 take it from vour presentation
that the two new systems vou have proposed would account for the data that I have
collected, but they don’t really solve the same problem I was facing. That is. the story
would have been quite ncat if amnesics only showed preserved priming on perceptual
(or data-driven) implicit tests. but thev don’t. They are preserved on semantic (or
conceptually driven) tests. too. Your perceptual representation systems handle
perceptual priming, but vou still have to face conceptual priming. So we must need
another priming system for conceptual priming.

SCHACTER: Well. I think then vou get squarely into the semantic—episodic kind of
issue, and if you allow amnesics to have a reasonably well-preserved semantic
knowledge base—it’s then a question of whether they can add anything new to
it—but then some of these priming ctfects could be working off of that.

ROEDIGER: How many svstems do vou think we will wind up with with this logic?
When I read the neuropsychology literature it seems like every time you get a specific
knowiedge deficit in a patient a new neural system is proposed. If some brain lesion
produces an inability to identifv yellow Volkswagens but not green Volkswagens.
then right away someone proposes that we have a system for green Volkswagens and
a different system for yellow ones.

SCHACTER: Yes, obviously one wants to stay away from that. I think the appeal
that you and others have made to converging evidence is the best way. I think with
the perceptual representation svstem idea, we can make a reasonably coherent story
by bringing together thrce scparate domains: cognitive and neuropsychological
studies of implicit memory. ncuropsychological studies of reading and-object-
processing deficits. and ncuroimaging studices.

ROEDIGER: Right. With converging operations the systems business makes good
sei ;e. [ agree.

SCHACTER: With the structural description hypothesis, you can bring together the
object agnosia data and the priming results. I think this makes some rather nice
predictions about what should happen in PET studies that we will hopefully actually
be able to look at. So, I would say we have to rely on the converging evidence and
some sensible, principled idea about the function of systems, so we don’t have a
million of them. I would say that if you took a fast reading of the current cognitive
neuropsychological literature. with the way a number of people are thinking about it.
you would find evidence for at least four of these perceptual representation systems.
I have talked about two of them (the word form system and the structural description
system). Others have found some preliminary evidence in the auditory domain for a
couple of others—again, one would want to see more evidence of different kinds
before accepting these systems. but at least the hypothesis suggesting these other
systems is worth investigating. It is probably best to refer to these four as subsystems
of a more general perceptual representation system, because they may all function in
fundamentally similar ways, albeit with respect to different types of perceptual
information.
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Several experiments are described in which priming or implicit memory for visual objects was
investigated. In one set of studies, subjects were shown line drawings of unfamiliar objects that
were either structurally possible or structurally impossible. Implicit memory was assessed with
a possible/impossible object-decision task, and explicit memory was assessed with a recognition
task. The results revealed significant priming for possible objects following study tasks that re-
quired encoding of three-dimensional object structure; semantic/elaborative study processing en-
hanced explicit but not implicit memory. No priming of impossible objects was found. An experi-
ment using familiar objects also revealed that priming, but not explicit memory, was independent
of semantic/elaborative study processing. It is suggested that priming of visual objects depends
on a presemantic system that is dedicated to the representation of object form and structure and

can function independently of episodic memory.

Research on priming and implicit memory has focused
heavily on verbal materials such as words, paired asso-
ciates, and the like. There has been a good deal less
research on implicit memory for nonverbal materials, and
with the exception of work by several investigators (e.g.,
Bentin & Moscovitch, 1988; Gabrieli, Keane, Milberg,
& Corkin, in press; Kroll & Potter, 1984; Musen & Treis-
man, 1990), this research has focused exclusively on prim-
ing of pictures of familiar objects (for a review, see Schac-
ter, Delaney, & Merikle, in press). In this paper, we
describe a series of recent studies in which we have ex-
amined priming for both novel and familiar visual objects.
To preview our main findings, we documented priming
of both types of objects, showed that such priming de-
pends on processing of structural but not semantic infor-
mation, and dissociated implicit and explicit memory for
target objects. We will argue that priming of visual ob-
jects depends on what we and others have referred to as
the structural description system (Riddoch & Humphreys,
1987, Schacter, in press; Schacter, Cooper, & Delaney,
1990)—a presemantic system that is dedicated to the
representation of the form and structure, but not the func-
tions or other associative properties, of visual objects.
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of Scientific Research. We thank Elizabeth Merikle, Mary Peterson,
and Mindy Tharan for their contributions to the research described in
this article. Correspondence should be addressed to Danijel L. Schac-
ter, Department of Psychology, University of Arizona, Tucson, AZ
85721.
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Object-Decision Priming: Initial Studies

The first series of experiments to be considered was
directed to the question of whether implicit memory could
be observed for novel three-dimensional objects that have
no preexisting representation in memory. In an initial ex-
periment and several others that will be described, sub-
jects studied 20 line drawings that represented unfamiliar
and rather unusual three-dimensional constructions such
as those displayed in Figure 1. Two encoding conditions
were used. One group of subjects was induced to encode
information about the global structure of each object by
deciding whether the object faced primarily to the left or
to the right. A second group of subjects was induced to
encode information about the local features of each ob-
ject by deciding whether it had more horizontal or verti-
cal lines.

After completing these encoding tasks, half of the sub-
jects in each group were given an explicit memory test—a
standard yes/no recognition test in which they were shown
studied and nonstudied drawings and indicated whether
or not they remembered seeing them previously. The other
half of the subjects were given an object-decision test.
Although the subjects were not informed of it at the time
of encoding, half of the line drawings that they studied
were structurally possible objects—their surfaces and
edges were connected in such a way that they could poten-
tially exist in three-dimensional space. The other half were
structurally impossible objects—they contained surface
and edge violations that would prohibit them from actu-
ally existing in the three-dimensional world. We gave the

Copyright 1990 Psychonomic Society, Inc.
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Figure 1. Examples of novel objects used in the experiments by
Schacter, Cooper, and Delaney (1990). The two objects in the up-
per row are structurally possible; the two objects in the lower row
are structurally impossible. See text for further explanation.

subjects 100-msec exposures to drawings of studied and
nonstudied possible and impossible objects; their task was
to decide whether each object was possible or impossi-
ble. The object-decision task can be thought of as an im-
plicit memory test in the sense that it does not make ex-
plicit reference to, or require conscious recollection of,
any specific previous encounter with a presented object.
If, therefore, subjects are more accurate in making ob-
ject decisions about studied than about nonstudied objects,
there would be some evidence of implicit memory for
these unfamiliar, three-dimensional objects. More specif-
ically, we reasoned that performing the object-decision
test requires analysis of the global structure of the object;
subjects must gain access to information about global
structural relations in order to decide whether an object
is possible or impossible. Consistent with such notions
as transfer-appropriate processing (e.g., Roediger, Wel-
don, & Challis, 1989), it follows that prior encoding of
information about global object structure—but not local
object features—should produce priming or implicit
memory on a subsequent object-decision task.

The results of our first experiment were consistent with
this hypothesis. Consider first the results for the struc-
turally possible objects. We examined object-decision per-
formance as a function of the left/right or horizontal/verti-
cal encoding task and as a function of whether or not an
item had been studied. In addition, the group of subjects
who were given the recognition test were also given an
object-decision test after it. Thus, we could examine
object-decision performance as a function of whether it
was given as the first or the second test.

The data presented in Table 1 are collapsed across the
two object-decision tests, because performance did not

differ as a function of whether object decision was the
first or second test (see Schacter, Cooper, & Delaney,
1990). Table | indicates that object-decision performance
was significantly more accurate for studied than for non-
studied drawings following the left/right study task.
However, there was no significant difference between
studied and nonstudied objects following the horizon-
tal/vertical study task. Thus, we found that implicit
memory for unfamiliar objects depends on the encoding
of and access to a global, three-dimensional structural
description of an object. In addition, the fact that the ap-
pearance of studied and nonstudied objects on the recog-
nition test did not facilitate subsequent object-decision per-
formance suggests that deciding whether an object is old
or new, at least under these test conditions, does not in-
volve the sort of structural encoding that is needed to
produce priming on an object-decision test. Table 1 also
indicates that the structurally impossible objects showed
no priming under any experimental condition: object-
decision performance for studied and nonstudied impos-
sible objects was virtually identical.

Whereas priming of novel, structurally possible objects
was observed only following global structural encoding,
the recognition data indicated that explicit memory did
not differ significantly following the left/right and horizon-
tal/vertical study tasks (Schacter, Cooper, & Delaney,
1990). In addition, recognition of impossible objects,
although lower than recognition for possible objects, was
reasonably good, in contrast to the absence of priming
for impossible objects. Finally, a contingency analysis of
the relation between recognition and priming revealed
stochastic independence between the two tasks.

Further evidence for implicit/explicit dissociation was
provided by a second experiment, in which one group of
subjects engaged in an elaborative encoding task that re-
quired them to generate a real-world object that each
drawing reminded them of most (Schacter, Cooper, &
Delaney, 1990, Experiment 2). We hypothesized that such
a task would require the subjects to achieve a meaningful
interpretation of the object by relating it to preexisting
semantic knowledge. On the basis of many previous
demonstrations that explicit memory is enhanced by
semantic elaboration, we reasoned that this elaborative
study task should enhance recognition performance rela-
tive to the left/right encoding task used in the first ex-

Object-Decision PerfonmncT::'sellFuncﬁon of Encoding Task
Encoding Task
Item Type Left/Right Horizontal/Vertical
Possible Objects
Studied 81 .67
Nonstudied .67 .64
Impossible Objects
Studied .67 .60
Nonstudied .67 .63

Note—Data are adapted from Schacter, Cooper, and Delaney (1990).




Table 2
Object-Decision and Recognition Performance as a
Function of Encoding Task

Type of Test/Encoding Task

Object Decision Recognition
Ttem Type  LeftRight  Elaborative  Left/Right  Elaborative
Studied .78 .76 .69 .88
Nonstudied .66 .73 21 19

Note—Data are presented for structurally possible objects only. For object
decision, the proportion of correct responses to studied and nonstudied
objects is shown; for recognition, the proportion of ‘‘yes’’ responses
to studied objects (hits) and *‘yes'" responses to nonstudied objects (false
alarms) is shown. Data are adapted from Schacter, Cooper, and Delaney
(1990).

periment. However, since the elaborative task does not
involve specific structural encoding of the objects, it
should not lead to more accurate object-decision perfor-
mance than did the left/right task.

The results were consistent with this expectation, and
in fact revealed a rather dramatic dissociation between
recognition and object-decision performance (Table 2).
We will consider only the structurally possible objects,
since the impossible objects once again showed no prim-
ing. On the recognition test, elaborative encoding led to
much higher levels of explicit memory than did left/right
encoding. A contrasting pattern of results was observed
on the object-decision task: no priming was observed fol-
lowing the elaborative task, whereas significant priming
was observed following the left/right task, in replication
of Experiment 1. This dissociation is impressive because
there have been few studies in which an experimental
manipulation that improves explicit memory also impairs
implicit memory. However, the fact that we observed no
priming in the elaborative condition was rather surpris-
ing. In a follow-up experiment, we were able to show that
this lack of priming was attributable to the fact that sub-
jects frequently generated two-dimensional elaborations
of the target objects (e.g., indicating that a side of the
object reminded them of a letter, a cross, etc.). When we
asked them to generate three-dimensional elaborations,
significant priming was observed, aithough it was no
greater than that observed in the left/right condition
(Schacter, Cooper, & Delaney, 1990, Experiment 3).

In each of the foregoing experiments, object-decision
performance was assessed after a retention interval of
several minutes. To determine whether the priming ef-
fect observed under these conditions persists across longer
delays, we have more recently assessed object-decision
and recognition performance after retention intervals of
1 or 24 h. All 72 subjects who participated in the experi-
ment performed the left/right encoding task described in
the previous experiments, and the same set of objects
described by Schacter, Cooper, and Delaney (1990) was
used. Half of the subjects were tested after a 1-h delay,
and half were tested after a 24-h delay; at each delay, 18
subjects were given an object-decision task alone and 18
were given the object-decision task following a yes/no
recognition test.
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Object-decision data for the two delays are presented
in Table 3. Consider first the data for the structurally pos-
sible objects. At the 1-h delay, significant priming of pos-
sible objects was observed, and the difference between
studied and nonstudied items was about the same whether
the object-decision test was given alone or following a
recognition test. Although there was a trend for overall
higher performance when the object-decision test was
given following the recognition test, statistical analysis
revealed only a main effect of priming (i.e., studied vs.
nonstudied objects; p < .001); there was a nonsignifi-
cant main effect of test order and no interaction between
test order and priming. At the 24-h delay, there was some
evidence of priming when the object-decision test was
given alone, but there was no difference between the two
when the object-decision test was given second (Table 3).
This latter finding may be attributable to a test-priming
effect for nonstudied objects. However, statistical anal-
ysis failed to show significant main effects of priming or
test order and also showed a nonsignificant interaction be-
tween these two variables. Finally, no priming of impos-
sible objects was found at either delay. On the recogni-
tion test, performance declined from 1 to 24 h for both
possible and impossible objects: corrected recognition
(hits —false alarms) scores for possible objects were .56
at the 1-h delay and .38 at the 24-h delay; the correspond-
ing proportions for impossible objects were .46 and .24.

The foregoing data indicate that priming effects for
structurally possible objects are robust at a 1-h delay; the
magnitude of priming in this condition is comparable to
that observed after a delay of several minutes. Although
there was a trend for priming at the 24-h delay when the
object-decision test was given alone, these results are
equivocal at best and require further empirical investi-
gation.

Is There Priming with Structurally
Impossible Objects?

As noted above, an intriguing finding from the initial
set of experiments concerns the failure to observe prim-

Table 3
Object-Decision Performance as a Function of
Retention Interval and Test Order

Retention Interval/Test Order

1 Hour 24 Hours
Item Type  First  Second M First  Second M
Possible Objects
Studied .80 .87 84 .76 77 77
Nonstudied .68 n .73 .68 .76 72
M .74 .82 72 n
Impossible Objects
Studied .60 .70 .65 N .64 .68
Nonstudied .62 .66 .64 .74 .62 .68
M 61 .68 1 .63 68

Note—Test order refers to whether object decision was the first test given
at the end of the retention interval, or the second test given, after a yes/no
recognition test.
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ing of impossible objects despite reasonably good explicit
memory for these objects. Schacter, Cooper, and Delaney
(1990) speculated that this failure may reflect a limita-
tion of the structural description system’s computational
capacities: it may be difficult to form a global represen-
tation of the structure of an impossible object. However,
other interpretations of the phcnomenon are possible. For
example, in order to select the set of possible and impos-
sible objects used in the foregoing experiments, we ini-
tially presented the objects to a separate group of sub-
jects for an unlimited amount of time and asked for a
possible/impossible judgment. These subjects classified
97% of the possible objects correctly under these un-
limited viewing conditions, but they classified only 87%
of the impossible objects correctly. Failure to observe
priming of impossible objects might thus be partially at-
tributable to the fact that there was less agreement about
the impossible objects than about the possible objects. In
addition, our instructions on the object-decision test em-
phasized detection of possible objects; the subjects were
instructed to push one response key if an object ‘‘could
be a possible object’’ and another if it ‘‘could not be a
possible object.”” An impossible response was thus effec-
tively a negative response, which might have worked
against observing priming of the impossible objects. Fi-
nally, explicit memory for impossible objects in our ini-
tial experiments was consistently lower than explicit
memory for possible objects. Thus, failure to observe
priming of impossible objects may be attributable to a
generally ‘‘weak’’ memory representation.

To evaluate these issues, and to explore further the na-
ture of priming for possible objects, we have recently un-
dertaken a series of experiments containing several
procedural changes (Schacter, Cooper, Delaney, Peter-
son, & Tharan, 1990). First, we calibrated a new set of
target objects in which there was 99% agreement for both
the possible and the impossible objects. We also altered
the task instructions so that an ‘‘impossible’’ response was
no longer a negative response, and added several more
examples of impossible objects to the instructional phase
of the test to ensure that the subjects fully understood what
made an object impossible.

We then examined priming following the left/right
structural encoding task used in the previous experiments
under two conditions of repetition: the study list of 20
possible and impossible objects was presented either once
or four times, with the subjects thus making four left/right
judgments for each object in the latter condition. Inclu-
sion of the four-repetition condition served two purposes.
First, if priming of impossible objects is not observed even
after four left/right judgments, when explicit memory is
likely to be quite good, then it would be difficult to argue
that a lack of priming for impossible objects is simply at-
tributable to a weak memory representation. Second, the
repetition manipulation also allowed us to determine
whether the magnitude of the priming effect for possible
objects can be increased. The number of repetitions was
a between-subjects factor; the design of the experiment
was otherwise identical to the previous ones.

Consider first the results from the recognition test. Not
surprisingly, recognition memory (as assessed by a
hits —false alarms measure) was significantly (p < .05)
higher following four exposures than following one ex-
posure for both possible objects (.70 vs. .41) and impos-
sible objects (.62 vs. .33). A rather different pattern of
results was observed for the obi~ct-decision data for pos-
sible objects. In the one-exposure condition, a priming
effect similar to that observed in the previous experiments
was found: object-decision accuracy was higher for
studied (.74) than for nonstudied (.62) possible objects.
In the four-exposure condition, object-decision perfor-
mance showed a virtually identical pattern (.71 for studied
objects and .58 for nonstudied objects). Statistical anal-
ysis revealed a main effect of priming (p < .0l) and a
nonsignificant interaction between priming and number
of repetitions. Thus, repetition had a large effect on recog-
nition performance and no effect on the magnitude of
priming, thereby providing yet another dissociation be-
tween implicit and explicit memory for novel objects.

Turning to the data on the impossible objects, object-
decision performance was indistinguishable for studied
and nonstudied objects following both one study-list ex-
posure (.67 vs. .67) and four study-list exposures (.66
vs. .65). Indeed, a lack of priming for impossible objects
in the four-exposure condition was observed even though
recognition of impossible objects in this condition was a
good deal higher than recognition of possible objects fol-
lowing a single exposure, where significant priming was
observed. Thus, the absence of priming for impossible
objects cannot be ascribed to some sort of generally weak
memory representation of these objects. These results also
provide evidence against the idea that a failure to observe
priming of impossible objects is attributable to low agree-
ment about the impossible objects or to test instructions
that make the ‘‘impossible’’ response a negative response.

The foregoing results suggest that it may indeed be im-
possible to observe priming of impossible objects, but fur-
ther research is needed before such a conclusion is war-
ranted. For example, in the studies discussed thus far,
no attempt was made to equate the size of possible and
impossible objects. In recent pilot work we have inves-
tigated priming with size-equated objects. Although we
do not yet know whether this experiment will show prim-
ing for impossible objects, it underscores the need for cau-
tion in interpreting the data on impossible objects.

Priming of Familiar Visual Objects

Our studies with the object-decision task indicate that
priming of novel objects is dependent on encoding struc-
tural, but not semantic, information about target items.
Similar conclusions have been suggested by a recent ex-
periment on priming of familiar visual objects (Schacter
& Merikle, 1990). A sizable body of literature exists con-
cerning priming of familiar objects, but little attention has
been paid to the roles of structural and semantic encoding
processes (see Schacter et al., in press, for a discussion).
To investigate this issue, we used a set of materials that
was compiled from a variety of sources by E. P. Merikle




and M. A. Peterson, which consisted of line drawings of
familiar objects and perceptually degraded fragments of
these objects. Merikle and Peterson selected fragments
in which minima of curvature were preserved, thereby
providing useful perceptual information about each object.

In the Schacter and Merikle (1990) experiment, sub-
jects were initially exposed to a series of line drawings
of each object for 5 sec; they performed a semantic orient-
ing task for half of the drawings and a structural orient-
ing task for the other half. In the semantic orienting task,
the subjects generated functions for each object; in the
structural task, the subjects counted the number of ver-
tices in each object. To assess priming, perceptual frag-
ments of studied objects were presented together with an
equal number of fragments of nonstudied objects. In previ-
ous studies of picture fragment completion, subjects have
generally been asked to identify each object (e.g., Snod-
grass, 1989; Warrington & Weiskrantz, 1968; Weldon
& Roediger, 1987). As Schacter et al. (in press) have
pointed out, however, such instructions allow and may
even encourage subjects to use explicit memory strategies
to aid object identification, as indicated by the fact that
strong dissociations between priming and explicit memory
have been difficult to obtain using the traditional pic-
ture fragment-completion paradigm. To circumvent this
problem, Schacter and Merikle modified the fragment-
completion instructions so that the subjects were told to
respond to each fragment with the first object that came
to mind. The subjects were further instructed that there
was no right or wrong response on this task, and that any
object would do as a completion response (see Butters,
Heindel, & Salmon, 1990, for a similar procedure). To
further discourage the use of explicit strategies, fragments
were presented for 500 msec and the subjects were in-
structed to respond as quickly as possible. A separate
group of subjects was given an explicit memory test in
which the same fragments were presented as cues, but
these subjects were instructed to think back to the study
list and indicate which studied object was represented by
the test fragment.

The results revealed significant priming (p < .01) on
the fragment-completion task and, more importantly,
almost identical levels of priming following the semantic
and structural study tasks: baseline probability of respond-
ing with the correct object for nonstudied items was .22,
compared to .45 for objects that had been studied in the
semantic task and .46 for objects that had been studied
in the structural task. In contrast, explicit memory was
significantly (p < .05) higher in the semantic condition
(.83) than in the structural condition (.69). The fact that
performance was higher in the semantic than in the struc-
tural condition with recall instructions, but not with com-
pletion instructions, indicates that the priming effect was
not based on explicit memory. The fact that priming was
just as large following the vertex-counting task as follow-
ing the function-generation task indicates that nonseman-
tic, structural processing is sufficient to produce robust
priming of familiar visual objects.

SYMPOSIUM: IMPLICIT MEMORY n
Priming of Visual Objects:
Theoretical Implications

Our experiments have delineated two features of prim
ing, which were observed with novel objects on the object-
decision task and familiar objects on the fragment-
completion task, that are of special theoretical relevance.
First, the phenomenon is presemantic, in the sense that
priming does not require any semantic or elaborative
processing of target objects. Second, encoding of infor-
mation about object structure appears to be a sufficient
and perhaps necessary condition for priming. In these
respects, object priming is similar to more extensively
studied word-priming effects on data-driven implicit tests
such as word identification and word completion, where
priming is typically independent of semantic study
processing and depends critically on encoding of appropri-
ate perceptual and structural information about words
(Roediger et al., 1989; Schacter, in press).

We have found it useful to conceptualize these kinds
of presemantic, perceptually dependent priming effects
in the context of neuropsychological studies concerning
disorders of reading and objec. processing. This line of
research has provided strong evidence for the existence
of presemantic systems that are dedicated to the represen-
tation and retrieval of information about the form and
structure, but not the meaning, of words and objects. Spe-
cifically, we have argued that a presemantic perceptual
representation system (PRS), composed of a number of
related subsystems, plays a major role in priming on data-
driven implicit tests (see Schacter, in press; Schacter
et al., 1990; Tulving & Schacter, 1990). In the verbal do-
main, various kinds of neuropsychological and neuroimag-
ing evidence have provided converging support for the
existence of a visual word-form system (e.g., Peterson,
Fox, Posner, & Raichle, 1988; Schwartz, Marin, &
Saffran, 1980). We have argued that this subsystem of
PRS is critically involved in word-priming effects on such
implicit tests as word identification and completion
(Schacter, in press; Schacter, Rapscak, Rubens, Tharan,
& Laguna, 1990).

More directly relevant to the present experiments is the
neuropsychological research by Warrington (1975, 1982)
and Riddoch and Humphreys (1987) concerning agnosic
patients with object-recognition disorders. These inves-
tigators have studied patients who are seriously impaired
in gaining access to semantic or functional information
about objects. Such patients cannot name common objects,
are unable to answer questions about what such objects
are used for, and fail to demonstrate knowledge of where
familiar objects are typically found. Yet the same patients
perform reasonably well on tests that require processing
of object structure. These kinds of dissociations have led
to the postulation of a presemantic structural description
system for objects (Riddoch & Humphreys, 1987; War-
rington, 1982), which we view as a subsystem of PRS.
We believe that object priming in our experiments is
driven largely by this system—that is, initial study of an
object creates a structural description of it, which is then
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accessed implicitly during performance of an object-
decision or object-completion test, thereby producing
priming. This priming effect appears to be independent
of subjects’ explicit memory for the objects, which we
believe is handled by an episodic memory system.

We should stress that we have opted for a multiple-
systems interpretation of our data because of the existence
of converging evidence from independent lines of inves-
tigation: the neuropsycholcgical research described above
has provided evidence concerning the nature of the struc-
tural description system, and our studies indicate that
priming of both novel and familiar objects is a presemantic
phenomenon that can be experimentally dissociated from
explicit memory. Although we think that our position is
complementary to, rather than in conflict with, the
processing views of implicit memory advocated by such
investigators as Roediger et al. (1989), Moscovitch,
Winocur, and McLachlan (1986), Jacoby (1983), and
Masson (1989), we wish to emphasize the usefulness of
a systems approach in organizing and integrating diverse
observations concerning the nature of implicit memory.
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Four experiments examined implicit memory or priming effects on an object decision task in
which subjects decided whether structurally possible or impossible novel objects could exist in
three-dimensional form. Results revealed equivalent levels of priming for possible objects after 1
vs. 4 5-s exposures to the same structural encoding task (Experiment 1) and when objects were
studied with a single structural encoding task or 2 different structural encoding tasks (Experiment
3). Explicit memory, by contrast, was greatly affected by both manipulations. However, priming
of possible objects was not observed when Ss were given only a single 1-s exposure to perform a
structural encoding task (Experiment 2). No evidence for priming of impossible objects was
observed in any of the 4 experiments. The data suggest that object decision priming depends on
a presemantic structural description system that is distinct from episodic memory.

Implicit memory refers to unintentional retrieval of previ-
ously acquired information on tests that do not require con-
scious or explicit recollection of specific previous experiences
(Graf & Schacter, 1985; Schacter, 1987). Perhaps the most
extensively investigated type of implicit memory is known as
direct priming: facilitated performance on an implicit memory
test following exposure to a specific stimulus (e.g., Cofer,
1967; Tulving & Schacter, 1990). Although there is consid-
erable evidence that priming and explicit memory can be
dissociated by various experimental manipulations and sub-
ject factors (Richardson-Kavehn & Bjork, 1988; Schacter,
1987; Shimamura, 1986), most of this evidence is based on
studies that have used words and other verbal materials. There
has been considerably less research concerning implicit mem-
ory for nonverbal information, and much of this work has
examined priming on tasks that include a significant verbal
component, such as naming or identifying pictures of com-
mon objects (cf. Durso & Johnson, 1979; Jacoby, Baker, &
Brooks, 1989; Mitchell & Brown, 1988; Warren & Morton,
1982; Warrington & Weiskrantz, 1968; Weldon & Roediger,
1987; for review and discussion, see Schacter, Delaney, &
Merikle, 1990).

As Schacter et al. (1990) pointed out, research on priming
of nonverbal information is important for a number of rea-
sons: (a) It is necessary to provide a broad empirical picture
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of the nature and characteristics of priming, (b) it will help to
ensure that theorizing about implicit memory is not overly
constrained by idiosyncratic properties of verbal materials,
and (c) it can suggest links between the study of memory and
the study of perception. In addition, because memory for
nonverbal information must have developed earlier in phy-
logeny than memory for verbal information, research con-
cerning priming of nonverbal information is significant from
evolutionary and ecological perspectives (e.g., Sherry & Schac-
ter, 1987; Tulving & Schacter, 1990).

In a recent article, Schacter, Cooper, and Delaney (1990a)
reported a series of experiments concerned with priming of
newly acquired nonverbal information that do *- not have a
preexisting memory representation (see also Benun & Mos-
covitch, 1988; Gabrieli, Milberg, Keane, & Corkin, 1990;
Kroll & Potter, 1984; Musen & Treisman, 1990). More spe-
cifically, Schacter et al. (1990a) developed a paradigm to
examine implicit and explicit memory for novel three-dimen-
sional objects. Target materials in these experiments were line
drawings such as those displayed in Figure 1. All of the target
objects are novel or unfamiliar in the sense that they do not
represent actual objects taat exist in the three-dimensional
world. However, one half of the objects are structurally pos-
sible; their surfaces and edges are connected so that they could
exist in three-dimensional form. The other half of the objects,
in contrast, are structurally impossible and could not exist in
three dimensions: They contain ambiguous lines and planes
that create impossible relations between surfaces and edges
within the figure (e.g., Draper, 1978; Penrose & Penrose,
1958).

To assess implicit memory for these objects, an object
decision test was devised in which subjects, given 100-ms
exposures to possible and impossible objects, decided whether
each drawing was structurally possible or impossible (for a
different type of object decision priming task, see Kroll &
Potter, 1984). Schacter et al. (1990a) argued that accurate
performance on the object decision test requires access to
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Representative examples of target objects. (The figures in

Figure 1.
the upper two rows depict structurally possible objects that could
exist in three-dimensional form; figures in the lower two rows depict
structurally impossible objects that could not exist in three-dimen-
sional form.)

information about the global, three-dimensional structure of
each object. In conformity with the principles of transfer-
appropriate processing and encoding specificity (e.g., Morris,
Bransford, & Franks, 1977; Roediger, Weldon, & Challis,
1989; Tulving & Thomson, 1973), it follows that prior encod-
ing of such information should produce priming on the object
decision task. Pilot work indicated that without any prior
exposure to the drawings, object decision accuracy was about
65% correct for both possible and impossible objects. To
examine priming, one half of the drawings on the object
decision test were presented to subjects on a prior study list,
and the other half were new items that had not been previously
presented. Priming in this paradigm is indicated by more
accurate object decision performance for previously presented
objects than for nonpresented objects. Explicit memory for
the objects were assessed with a conventional yes/no recog-
nition test.

An initial experiment yielded four noteworthy results. First,
significant priming was observed after a study task that re-
quired encoding of information about the global three-dimen-
sional structure of target objects (indicating whether each
object faced primarily to the left or to the right), but no
significant priming was found following a study task that
required encoding of the local features of target objects (in-
dicating whether each object had more horizontal than verti-
cal lines). Second, priming was observed only for structurally

possible objects; no priming was observed for structuraily
impossible objects. Third, the magnitude of priming for pos-
sible objects in the left/right encoding condition did not differ
significantly when the object decision test was preceded by a
recognition test in which all target objects were exposed, and
when the object decision test alone was given. Fourth, priming
showed stochastic independence from explicit memory—that
is, the probability of recognizing a previously studied figure
was uncorrelated with the probability of making a correct
object decision about that figure (cf. Hayman & Tulving,
1989a; Tulving, Schacter, & Stark, 1982).

In a second experiment, implicit and explicit memory were
compared after the left/right encoding task and an elaborative
encoding task in which subjects were required to think of a
familiar object from the real world that each drawing re-
minded them of most. Performance in the left/right condition
provided a close replication of the results of the first experi-
ment. As expected, the elaborative encoding task produced
significantly higher recognition memory performance than
did the left/right task. By contrast, there was no pniming on
the object decision task following elaborative encoding, thus
indicating that implicit and explicit memory for novel objects
can be dissociated experimentally. A subsequent experiment
showed that significant object decision priming could be
observed following elaborative encoding when the task en-
sured that subjects generated a three-dimensional elaboration
for target objects by requiring them to classify each object
into one of three categories of three-dimensional objects.

On the basis of these results, Schacter et al. (1990a) argued
that priming on the object decision task depends on initial
encoding of, and subsequent access to, a structural description
(e.g., Marr, 1982; Marr & Nishihara, 1978; Palmer, 1975;
Reed, 1974; Sutherland, 1968) of target objects—that is, a
representation of the structural relations that define an object.
It was argued further that this kind of information is handled
by a presemantic structural description system (Riddoch &
Humphreys, 1987) that is distinct from the episodic memory
system that underlies explicit remembering of objects (see also
Schacter, 1990). The structural description system, which can
be viewed as one subsystem of a more general perceptual
representation system (Schacter, 1990; Schacter, Rapcsak,
Rubens, Tharan, & Laguna, 1990; Tulving & Schacter, 1990;
cf. Johnson, 1983), is dedicated to the representation or
retrieval of information about the form and structure of visual
objects. This system is not, however, involved in the represen-
tation or retrieval of semantic information about objects—
that is, functions that an object can perform or associative
properties of an object, such as where it can be found or other
objects to which it is functionally related.

Independent evidence for the existence of a structural de-
scription system has been provided by neuropsychological
research on visual object agnosia that has shown that access
to structural knowledge of objects can be preserved in patients
whose access to functional and associative knowledge of ob-
jects is severely impaired (e.g., Riddoch & Humphreys, 1987
Warrington, 1982; Warrnington & Taylor, 1978: see Schacter,
1990, for further discussion). Moreover, a good deal of re-
search on visual perception has examined structural represen-
tations of objects, independent of their functional or associa-
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tive properties (e.g., Biederman, 1987; Palmer, 1975 Suther-
land, 1968; for review, see Pinker, 1984), With respect to the
object decision task, the structural description hypothesis is
consistent with the observed independence of implicit and
explicit memory for novel objects and also accounts for the
finding that priming does not require any semantic or elabo-
rative study processing of target objects. This idea also suggests
an interesting explanation for the failure to observe priming
of impossible objects: It may be difficult and perhaps impos-
sible to compute a structural description that preserves global.
three-dimensional information about an impossible object. If
forming a global representation of an impossible object ex-
ceeds the computational capacity of the structural description
system, and object decision priming depends on gaining access
to a previously encoded global description of an object. then
it follows that priming of impossible objects will not be
observed.

In this article we explore further priming of novel visual
objects, with a view toward both elucidating the properties of
the phenomenon and clanfying its theoretical implications.
Experiment | examines the effects of repetition of structural
encoding operations on object decision and recognition per-
formance; it also assesses the idea that lack of priming for
impossible objects reflects a limitation on the computational
capacities of the structural description system by attempting
to rule out various alternative explanations of the phenome-
non. Experiment 2 explores the conditions under which struc-
tural descriptions are formed by assessing whether encoding
objects from brief study exposures provides a basis for prim-
ing. Experiment 3 attempts to determine whether priming of
possible objects can be incrcased. and priming of impossible
objects observed at all, when subjects are induced to encode
different types of structural information about target draw-
ings. Experiment 4 investigates whether priming of impossible
objects is observed when size differences among target objects
are eliminated.

Experiment 1

The main purposes of Experiment | were twofold: (a) to
assess alternative explanations of the failure to find priming
of impossible objects, and (b) to replicate previous findings of
priming for possible objects under different task conditions
and delineate additional characteristics of the phenomenon.

Consider first the lack of priming for impossible objects.
Although this phenomenon may reflect computational con-
straints on the structural description system, several other
interpretations can be offered. One possibility discussed by
Schacter et al. (1990a) concerns the criteria that were used to
select target objects for inclusion ‘n the initial experiments.
In a pilot study. Schacter et al. gave 20 subjects unlimited
time to judge whether candidate objects were possible or
impossible: one half of the objects had been drawn to appear
possible. and the other half had been drawn to appear impos-
sible. An attempt was made to select as target items only those
objects that yielded high levels of agreement across subjects.
There was 97% agreement concerning the possible objects
that were selected. but only 87% agreement concerning im-
possible objects. Failure to observe priming of impossible

objects in the subsequent experiments may thus be attribut-
able, at least in part, to the fact that there was relatively low
agreement about whether these objects were indeed impossi-
ble. In fact. Schacter et al. noted that the object decision data
for impossible objects showed marked fluctuation both within
and between experiments and suggested that this unstable
pattern might be related to the low intersubject agreement
about impossible objects. To address this issue, we constructed
a new and expanded set of possible and impossible objects
and selected as target matenals only those objects on which
there was 95% or more intersubject agreement (see materials
section of Experiment | for details).

A second potential reason for the lack of priming of impos-
sible objects concerns the instructions and response require-
ments of the object decision task used in the earlier experi-
ments. Specifically, instructions for the object decision test
emphasized detection of possible objects: subjects were in-
structed to press one response key if an object “could be a
possible object™ and another response key if it “could not be
a possible object.™ With these instructions. an impossible
response was effectively a negative response. As discussed in
the context of failures to observe priming of pseudowords or
nonwords, lack of priming may sometimes be attributable to
the influence of a negative response set (e.g., Feustel, Shiffrin,
& Salasoo, 1983). Accordingly, we altered task instructions so
that an impossible response was no longer defined explicitly
as a negative response, and subjects were encouraged to
process the impossible objects carefully.

A third issue is whether lack of priming for impossible
objects was simply a consequence of generally weak or de-
graded memory for these objects. As noted earlier, explicit
memory was consistently lower for impossible objects than
for possible objects, thereby suggesting that the memory rep-
resentation for impossible objects was simply not strong
enough to support priming. This account seems unlikely in
view of the fact that we observed stochastic independence
between priming and explicit memory for possible objects.
Nevertheless, we attempted to increase the likelihood of ob-
serving priming for impossible objects by including a condi-
tion in which subjects were given four successive exposures
to the study list. On each exposure, they performed the left/
right encoding task that has yielded priming of possible objects
in previous studies. We expected that four repetitions of the
left/right task would vield high levels of explicit memory for
impossible objects. The question is whether priming of im-
possible objects will be observed under these conditions.

The repetition manipulation was also intended to provide
further information concerning priming of possible objects.
In our previous experiments. a second exposure to previously
studied objects on a yes-no recognition test failed to produce
more priming on the subsequent object decision test than did
a single study exposure, hence suggesting that priming of
possible objects may be insensitive to the number of prior
exposures. However. a similar lack of priming was also doc-
umented in several experimental conditions when an object
was first exposed on the recognition test (as a lure item). This
latter finding suggests that the absence of test-induced priming
may be attributable to the type of processing in which subjects
engage on the recognition test and may not reflect some sort
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of general insensitivity of object decision priming to the
number of prior exposures. Comparison of priming for pos-
sible oojects following one versus four study exposures should
illuminate the matter.

Method

Selection of 1arget materials. In order to create a set of materials
in which there was equivalent intersubject agreement concerning
possible and impossible objects. a set of 50 possible and 50 impossible
objects similar to those displayed in Figure 1 was created. All 50
impossible objects were drawn by one of the experimenters (S.M.D.).
Of the 50 possible objucts 40 were modified by the same experimenter
from a set used originally by Cooper (1990), and 10 possible objects
were taken directly fromn this latter set. Impossible objects all con-
tained ambiguous lines and planes that produced impossible relations
between surfaces and edges within the figure. Possible objects. on the
other hand. did not have any ambiguities that suggested impossible
relations among surfaces and edges: each plane in the figure depicted
a surface. each line an edge.

To assess intersubject agreement, a pilot study was performed in
which line drawings of the 50 possible and 50 impossibie objects were
randomly intermixed and shown to 20 subjects (University of Arizona
undergraduate and graduate students): they were given unlimited
time to classify each object as either possible or impossible. Objects
were drawn in black outline on white 8-1/2 in. X 11 in. (21.59 cm X
27.94 cm) sheets and shown to subjects individually. Our criterion
for considering an individual object for inclusion in the experimental
set was an agreement rate of 95% or higher—that is, either 19 or 20
subjects had to classify a possible object as possible or an impossible
object as impossible. We then created computer-generated line draw-
ings of all objects, using a Compaq 386 Deskpro computer and 12
in. (30.48 cm) Princeton Ultrasync Monitor, randomly mixed them,
and presented the drawings on an object decision test to a new sample
of 20 undergraduates under the same conditions used in the experi-
ments described later in this article. Specifically, each object was
presented for 100 ms, followed by a darkened screen. The objects
subtended a mean visual angle of 8° when viewed from 60 cm. The
drawings were presented in medium resolution, and they appeared
white against a uniform dark gray background. Presentation of each
drawing was preceded by a fixation point that appeared in the middle
of the screen. Subjects initiated presentation of the object by pressing
the center key on a three-key personal computer (PC) mouse that
they ~ontrolled with their right hand. Once the item appeared, subjects
pressed either the left or the right response key to indicate whether
the object was possible or impossible; one half of the subjects used
the left key to indicate a possible response and the right key to
indicate an impossible response: this response mapping was reversed
for the other half of the subjects. A total of 10 practice items were
presented at the 100-ms rate before presentation of the 100 critical
items.

Subjects were told that they would be viewing a series of briefly
exposed drawings and deciding whether each figure could actually
exist in the real world. They were told that some of the drawings
represented valid, possible three-dimensional objects that could exist
in the world, whereas other drawings represented impossible figures
that could not exist as three-dimensional objects in the real world.
and that their task was to decide which objects were possible and
which were impossible. Examples of possible and impossible objects
were then shown to subjects. They were informed that all possible
objects had to have volume and be solid. that every plane on the
drawing represented a surface of the object, that all surfaces could

face in only one direction, and that every line on the drawing
necessarily represented an edge on the object. The experimenter then

asked the subject to indicate why several sample impossible objects
were impossible and explained the impossibilities to the subjects as
needed. Subjects were ithen instructed in the use of a three-button
mouse to make their responses and told to focus on the central
fixation point before each tnal.

In all. 20 possible and 20 impossible objects were selected for
inclusion in the expenmental set. As noted earlier, there was either
95% or 100% intersubject agreement about each selected ohject,
yielding overall agreement rates of 99% for possible and impossible
objects. In additi~n, we atteinpted to select objects that vielded an
overall baseline classification rate of .60 to .65 in the 100-ms exposure
condition, as in our previous experiments. The baseline rate was .61
for the selected possible objects and .64 for the selected impossible
objects: baseline rates for individual objects ranged from .51 to .80.

Subjects. A 1otal of 80 University oi Anizona undergraduates
participated in the main experiment in return for course credits or a
payment of $5; 20 subjects were randomly assigned to one of t* . four
between-subjects conditions.

Design. The main design consisted of a 2 (one vs. four study
exposures) X 2 (object decision test vs. recognition test) X 2 (possible
vs. impossible objects) X 2 (studied vs. nonstudied drawings) mixed
factorial. The first two factors, number of study exposures and type
of test. were between-subjects variables; the latter two factors, object
type and item type. were within-subjects variables. In addition, the
object decision test was either given alone or after the recognition
test, thus creating a test order variable for the object decision analysis.

The target set of 20 possible and 20 impossible objects described
earlier was randomly divided into two subsets, A and B. Each subset
consisted of 10 possible and 10 impossible objects. The experiment
was completely counterbalanced so that each subset appeared equally
often as studied and nonstudied drawings in the main experimental
conditions.

Procedure.  All subjects were tested individually under conditions
of incidental learning: They were told that the experiment concerned
object perception, and no mention was made of any subsequent
memory test. Subjects in both the one- and the four-exposure groups
were told that a series of drawings would appear on the computer
monitor for 5 s, and that their task was to judge whether each object
appeared to be facing primarily to the left or primarily to the right.
Subjects were told to use the entire 5 s 10 inspect each object carefully
and to make an accurate left/right judgment because the objects were
often not as simple as they appeared. The task began with the
presentation of 5 practice items, followed by the presentation of the
10 possible and 10 impossible target objects in random order. For the
four-exnosure group, the study list was presented three more times
after the initial exposure, each time in a different random order.

Immediately after the study list presentation, one half of the
subjects were given the instructions for the object decision test de-
scribed earlier, and the other half were given instructions for the
recognition test. The object decision instructions included three mod-
ifications of the instructions used by Schacter et al. {1990a). First, to
reduce the likelihood that the previous failure to observe priming of
impossible objects is attnibutable to inadequate comprehension of
what constitutes an tmpossible object, the instructions were modified
to include different examples of structural impossibility and subjects
were required to point out specifically the impossible aspects in several
impossibie objects. Second. instead of being told to press one response
key if a drawing could be a possible object and another if it could not
be a possible object. subjects were instructed to press one response
key if a drawing appeared to be a possible object and another key if
the drawing appeared to be an impossible object. Third, whereas in
the previous experiments we used a randomly determined response
mapping (subjects pressed the left key for “could be possible™ and
right key for “could not be possiblc™), in the present study we
counterbalanced response mappings. One half of the subjects in each
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experimental condition pressed the left key to indicate a possible
response and the right key to indicate an impossible response, whereas
the reverse response mapping was used for the other half of the
subjects.

Administration of object decision instructions took approximately
2 min. The object decision test was then given, with studied and
nonstudied objects appearing for 100 ms under the same conditions
described earlier with respect to the baseline study. The test began
with 10 practice drawings. 5 that had appeared on the study list and
S that had not appeared on the study list. These were followed in an
uninterrupted sequence by the 20 studied and 20 nonstudied target
drawings. Each test trial was initiated by the appearance of a fixation
point in the middle of the computer screen.

Subjects who were given the yes/no recognition test were toid that
they would be shown a series of drawings, some of which had just
been presented during the study task and some of which had not been
shown previously. These subjects were further instructed to press one
response key if they remembered seeing the object during the left/
right encoding task and another response key if they did not rer..em-
ber seeing the object. response mappings were counterbalanced so
that the left and the right keys were used equally often for yes and no
recognition responses. As in the object decision test, each test trial
was initiated upon the appearance of the fixation point.

The same 10 practice items that were used on the object decision
test (5 studied, 5 not studied) were presented initially, followed by
presentation of 20 studied and 20 nonstudied target drawings in
random order. About 2 min intervened between conclusion of the
study task and appearance of the first practice item. Drawings re-
mained on the computer screen for 5 s, until subjects made their
recognition responses. The recognition test was generally completed
in about 3 to 4 min. Immediately after conclusion of this test, subjects
were given the same object decision instructions and test described
earlier,

After the conclusion of testing, all subjects were debriefed concern-
ing the nature of the experiments.

Results

Object decision. The object decision data are displayed in
Table 1. Consider first the findings in the one-study-exposure
condition. Overall, these results provide a close replication of
the critical patterns of data reported by Schacter et al. (1990a).
Object decision accuracy was higher for studied than for
nonstudied possible objects, thereby indicating the presence
of priming; in contrast. there was no evidence of priming for
impossible objects. Performance was similar whether the ob-
ject decision test was given first or second (after the recogni-
tion test), although the difference between studied and non-
studied possible objects was greater in the first than in the
second test condition. Note that a virtually identical pattern
of results was observed in the four-exposure condition: There
was robust priming for possible objects and no difference
between studied and nonstudied impossible objects, both
when the object decision test was given first and when it was
given second. Performance was higher for impossible objects
in the second than in the first test condition, but as indicated
later, this trend was not statistically significant.

A preliminary analysis of variance (ANOVA) wa: per-
formed that included response mapping as a factor. and no
main effects or interactions approached significance (ali Fs <
1). Accordingly. all subsequent analyses were collapsed across
this variable. The key outcome of the ANOVA was a signifi-

cant interaction of Object Type {possible vs. impossible) x
Item Type (studied vs. nonstudied). F(1, 76) = 17.86, MS, =
.017, p < .001, indicating that priming was observed for
possible but not for impossible objects. The main effect of
study exposures was not significant F(1, 76) < 1, and this
vanable did not enter into any significant interactions (all Fs
< 1.90). Similarly, there was a nonsignificant main effect of
test order F(1, 76) = 1.18, MS, = .098, and test order did not
interact with any other variable (all Fs < 2.81)."

Recognition memory. The recognition data (hits and false
alarms), presented in Table 2, contrast sharply to the object
decision data: Explicit memory was considerably higher after
four than after one study exposure for both possible and
impossible objects. An ANOVA was performed on the hit
rates in the main experime~tal conditions, and also on a
corrected recognition measure (hit rate minus false alarm
rate). These two types of analyses led to identical conclusions,
indicating that the false alarm rate was relatively constant
across experimental conditions. We therefore report the re-
sults of the hit rate analysis only.

The ANOVA reve: - = highly significant mair effect of
study exposures, F(., 26, — 16.87, MS. = .057, p < .001.
There was also a main effect of object type, F{1, 38) = 6.51,
MS. = 017, p < .02, reflecting the fact that recogrition
memory was more accurate for possible than for impossible
objects. The Object Type x Study Exposures interaction was
not significant, (1, 38) = 2.34, MS, = .017.

The foregoing analyses suggest that number of study expo-
sures affects recognition but not object decision performance.
Two ANOVAs that included type of test as a variable were
performed on studied items (i.e., proportion correct for object
decision and hit rate for recognition). The first compared
recognition and object decision performance, with type of test
as a within-subjects variable, and revealed a significant Study
Exposures X Type of Test interaction, F(1, 38) = 7.27, MS,
= .050, p < .01. The second ANOVA compared recognition
and first test object decision performance. with type of test as
a between-subjects variable. It also showed a highly significant
Study Exposures X Type of Test interaction, F(1, 76) = 13.65,
MS, = .053, p < .001. These interactions confirm that the
one- versus four-exposure manipulation influenced recogni-
tion but not object decision performance.

To examine further the relation between object decision
and recognition performance, we performed contingency
analyses to determine whether priming and recognition of
possible objects exhibits stochastic independence, as was ob-
served in our earlier article. Only the data from the one-
exposure condition were considered because there were too
few recognition errors in the four-exposure condition to per-

"This ANOVA and all others in this article were performed on data
from individual subjects and not from individual items. However,
because a restncted item set was used in the present expennments and
because type of item (i.c.. possible vs. impossible) was a factor, it is
important to know whether the results hold across items as well as
across subjects. Analysis of the data across items revealed the same
patterns as were observed across subjects, but only the subject-hased
analyses are reported.
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Table | \
Object Decision Performance: Experiment |

Number of study exposures/test order

One exposure Four exposures
Item type First Second M First Second M
Possible objects
Studied .76 72 .74 1 71 T
Nonstudied .57 .65 .62 .56 .60 .58
M .66 .69 — .64 .66 _—
Impossible Objects
Studied .68 .66 .67 61 72 67
Nonstudied .67 .68 .68 .59 71 .65
M .68 67 —_ .60 12 —_

Nore. Each study exposure consisted of a 5-s left/right judgment.

mit a meaningful contingency analysis. We constructed 2 X
2 contingency tables in which each of the four cells represent
the probability of the joint outcome of success or failure on
successive recognition and object decision tests for studied
possible objects. The contingency analysis indicated that the
conditional probability of a correct object decision being given
successful recognition (.73) was essentially identical to the
overall probability of a correct object decision (.72), thereby
indicating independence between the two tests. These data
replicate our earlier findings of independence with a new set
of matenials and different test instructions. Issues concerning
the analysis and interpretation of stochastic independence will
not be discussed further in this article (see Schacter et al.,
1990a, for more extensive analysis and discussion of stochastic
independence between recognition and object decision, and
Hayman & Tulving, 1989a. for more general discussion).

Discussion

Experiment | yielded three new results concerning implicit
and exnlicit memory for novel visual objects. First, there was
no priming on the object decision task for structurally impos-
sible objects even following four study exposures. Second.
significant and comparable amounts of object decision prim-
ing were observed for structurally possible objects after one
and four study exposures. Third, recognition performance
was significantly higher in the four- than in the one-study
exposure condition for both possible and impossible objects.

Table 2
Recognition Performance: Experiment |
Number of study
exposures
Item type One _»_quu_r. M o
Possible objects
Studied 65 91 78
Nonstudied .24 .21 .23
Impossible objects
Studied 62 .80 71
Nonstudied .29 18 .24

Note. Studied = proportion of studied items called o/d (hit rate).
Nonstudied = proportion of nonstudied items called o/d (false alarm
rate). Each study eéxposure consisted of a 5-s left/right judgment.

These results confirm our previous findings on object decision
priming and provide additional evidence that implicit and
explicit memory for novel visual objects can be dissociated
experimentally. In addition, we replicated our previous find-
ings of stochastic independence between object decision and
recognition performance.

The fact that we did not observe any evidence of priming
for structurally impossible objects under the present experi-
mental conditions extends our previous observations and
helps to rule out several interpretations of these findings.
Whereas in the earlier experiments there was relatively low
intersubject agreement under unlimited viewing conditions
that impossible objects are indeed impossible (.87). there was
near-complete intersubject agreement (.99) that the present
set of impossible objects are impossible. Accordingly. lack of
priming cannot be attributed to low intersubject agreement
about the impossible nature of these figures. Our results also
provide evidence against the idea that no priming of impos-
sible objects is observed because impossible responses are
treated as negative responses. Although, as discussed earlier.
the task instructions in our previous experiments did effec-
tively turn impossible responses into negative responses, the
instructions in the present study were altered so that this was
no longer the case. In addition. mappings between response
keys and possible or impossible responses were counterbal-
anced in this experiment instead of being randomly assigned,
as they were in the earlier studies. Despite these procedural
modifications. we replicated our previous findings of no prim-
ing for impossible objects.

Our data also provide evidence against the idea that the
memory representation of impossible objects is simply too
weak to support priming. As in previous experiments, recog-
nition memory for possible objects was higher than for im-
possible objects. The critical data. however, emerge from a
comparison of performance for possible objects after a single
exposure and impossible objects after four study exposures.
Even though recognition of impossible objects after four
exposures was considerably higher than recognition of possi-
ble objects after a single exposure (Table 2), priming was
observed in the latter but not in the former condition. Thus,
even under conditions in which the explicit memory data
suggest a strong episodic representation of impossible ob-
jects—one that supports higher levels of recognition perform-
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ance than does the episodic representation of possible ob-
jects—we still failed to observe priming for impossible objects.
Nevertheless, we have not of course ruled out the possibility
that significant priming of impossible figures on an object
decision task could be demonstrated under some set of con-
ditions. We will explore further issues concerning priming of
impossible objects in Experiments 3 and 4.

An additional issue that merits brief commentary concerns
the possible role of response bias in the priming effects that
we observed. It is conceivable that exposure to objects during
the left/right study task simply produces a generalized bias to
make a possible response to all previously studied items on
the object decision test—possible and impossible—thus pro-
ducing priming of possible but not of impossible objects. We
considered this issue at length in our previous study (Schacter
et al., 1990a) and showed that response bias could not account
for the priming that we observed following the left/right
encoding task. To evaluate the role of response bias in the
present data. we used the same measure that was used by
Schacter et al. (1990a): Yule's Q, a special case of the gamma
correlation for analyzing association in 2 X 2 contingency
tables (See Goodman & Kruskal, 1954; Hayman & Tulving,
1989a, 1989b; Nelson, 1984, 1990). Q provides an estimate
of the strength of relation between two variables that can vary
from —1 (negative association) to +1 (positive association).
We created 2 X 2 contingency tables for each subject in which
the four cells were defined by the orthogonal combination of
subjects’ responses (possible/impossible) and object type (pos-
sible—impossible). We then computed Qs separately for stud-
ied and for nonstudied items according to procedures de-
scribed by Nelson (1984, 1990) and Reynolds (1977). The
larger the @ value within an experimental condition, the
greater the strength of association between subjects’ responses
and object type—that is, a more positive Q value indicates
more accurate object decision performance. The question for
our purposes is whether the @ for studied objects is larger
than the Q for nonstudied objects. If priming reflects an
increase in the accuracy of object decisinn performance for
studied objects relative to nonstudied objects—and not some
sort of generalized bias to use the possible response more
frequently for studied than for nonstudied objects—then the
Q value for studied items should be higher than the Q value
for nonstudied items. If, on the other hand, priming simply
reflects a study-induced response bias to say possible to old
items (both possible and impossible), then Q values should
not differ for studied and nonstudied items. In the single-
exposure condition, the Q value for studied items (+.56) was
significantly higher than the Q value for nonstudied items
+.41; 1(38) = 2.18, p < .0l; the same pattern of results was
observed in the four-exposure condition, studied Q = +.55,
nonstudied Q = +.31; ((38) = 3.73. p < .01. These results
show that object decision performance was more accurate for
studied than for nonstudied items. (The fact that positive Q
values were obtained even for nonstudied items simply indi-
cates that baseline performance on the object decision task
exceeds chance levels of accuracy.) Accordingly. these data
indicate that the priming that we observed cannot be attrib-
uted to a generalized bias to use the possible response more
frequently for studied objects than for nonstudied objects.

The foregoing analyses are thus consistent with the proposal
that priming of possible objects is mediated by newly acquired
structural descriptions of target drawings. Viewed from this
perspective, the failure to find an effect of number of study
exposures on priming—despite large effects on explicit mem-
ory—suggests that a single 5-s left/right judgment about a
possible object is sufficient to establish a structural description
that preserves the sort of global, three-dimensional informa-
tion that supports object decision priming. We have thus far
used a 5-s-exposure duration because we think that the anal-
yses entailed in computing a global structural description—
determining depth relations among surfaces and edges, as-
sessing the orientation of the object in space. and so on—
require some time to be completed. Thus, our encoding
instructions have emphasized that subjects should use the full
5 s to inspect each object carefully before making a left/right
judgment, and we have assumed that it is important for
subjects to make use of this time in order to observe priming.
It is conceivable, however, that object decision priming does
not require such extensive structural analysis and that even a
snap left/right judgment is sufficient to support priming.

To examine this issue and to provide more information
about the kinds of encoding activities that are needed to
support priming of novel visual objects, we examined object
decision performance following two different study conditions
in Experiment 2. One group of subjects made left/right judg-
ments on the basis of a single 1-s exposure to each object. If
priming is observed in this condition, it would indicate that
the structural analyses required to support object decision
priming require considerably less time and are perhaps less
extensive than we had initially supposed. A second group of
subjects was given five successive 1-s exposures to target
objects—as much total exposure time as subjects in previous
experiments who were given a single S-s exposure.

The implications of the priming data in this latter condition
depend to some extent on the results in the single 1-s exposure
condition. If significant priming is observed following a 1-s
exposure, then we will be in a position to assess the generality
of the finding from Experiment | that repetition beyond a
single exposure fails to increase the magnitude of priming.
On the other hand, if no priming is observed following a
single 1-s exposure, then a failure to find priming following
five 1-s exposures would suggest that object decision priming
is largely or entirely immune to the effects of repetition. If.
however. significant priming is observed following five 1-s
exposures—even though no priming is found after a single
1-s exposure—there would be evidence that object decision
priming could benefit from repetition and that structural
representations could be formed on the basis of temporally
distributed encoding operations.

Experiment 2

Method

Subjects. A 1otal of 80 University of Arizona undergraduates
participated in the experiment in exchange of class credits: 20 subjects
were assigned randoinly to each of the four between-subjects condi-
tions in the experiment.
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Design, materials, and procedure. The same set of 20 possible
and 20 impossible objects that was used in Experiment 1 constituted
the target materials. The design of the experiment consisted of two
between-subjects vanables, study exposures (one vs. five) and type of
test (object decision vs. recognition), and two within-subjects van-
ables, object type (possible vs. impossible) and item type (studied vs.
nonstudied). The object decision test was either given first or second
(after the recognition test), thus creating a test order variable for the
object decision analysis.

The study and test instructions as well as the procedures used in
Experiment 2 were identical to those described in Expeniment 1, with
two exceptions. In the single-exposure condition, objects appeared on
the computer monitor for | s, and subjects then made their left/right
decision. In the five-exposure condition, the same 1-s presentation
rate was used, except that subjects were given five successive exposures
to the study list: objects were presented in a random order on each
pass through the list, and subjects made a left/right judgment on each
exposure to an object.

Results

Object decision.  The object decision data are presented in
Table 3. First, consider the results for structurally possible
objects. In the single-exposure condition. object decision ac-
curacy was virtually identical for studied and nonstudied
items in hoth the first and second test conditions. By contrast.
in the five-exposure condition, object decision accuracy was
greater for studied than for nonstudied objects on both tests.
There was no evidence of priming for structurally impossible
objects in any experimental condition.

An overall ANOVA that included study condition as a
between-subjects variable revealed a significant main effect of
object-type (possible vs. impossible), F(1, 76) = 7.03, MS.
.053. p < .01, and a marginally significant Object Type
Item Type (studied vs. nonstudied) interaction, F(1, 76)
3.93, MS. = .022, p = .053. indicating that priming was
observed for possible but not for impossible objects. There
was also a significant Study Condition X Object Type inter-
action, F(1, 76) = 4.69. MS. = .053. p < .05. This interaction
indicates that object decision performance for possible objects
was more accurate after five exposures than after one expo-
sure—presumably because of priming effects in the former
but not in the latter condition—whereas performance for
impossible objects was comparable in the two conditions.

I

X

Table 3
Object Decision Performance: Experiment 2

However. the Study Condition X Object Type % Item Type
interaction was not significant, F(1, 76) = 1.92, MS. = .023.
No other main effects or interactions were significant (all
Fs < 2.55).

Separate ANOVAs were performed for the one-exposure
and for the five-exposure conditions. In the one-exposure
condition, there was a trend for priming of possible but not
for impossible objects from the recognition test: Object deci-
sion accuracy was higher in the second than in the first test
condition for both studied and for nonstudied possible ob-
jects. However. neither the main effect of test order nor any
interactions involving test order were significant (F5 < 2.18).
No other effects were significant (all Fs < 1).

In the five-exposure condition. there was a significant effect
of object tvpe, F(1. 38) = 18.59, MS, = .033. p < .001. More
important, there was a significant Object Type X Item Type
interaction, F(1, 38) = 6.61. MS, = .019. p < .02. indicating
that pnming was observed for possible but not for impossible
objects. No other main effects or interactions were significant,
all Fs < 1.63.

Recognition.  Recognition accuracy was considerably
greater in the five-exposure condition than in the single-
exposure condition, and there was also a trend for greater
recognition accuracy of possible than of impossible objects.
An ANOVA performed on the hit rates revealed a highly
significant main effect of study condition. F(1. 38) = 14.90.
MS. = .045, p < .001. The main effect of object type ap-
proached but did not attain significance. F(1. 38) = 2.83,
MS,. = .032. P=.10. and the Study Condition X Object Type
interaction was not significant. F(1. 38) = 1. An analysis of
corrected recognition scores (hits minus false alarms) revealed
a similar pattern of results. except that now the effect of object
type was significant. I'(1, 38) = 6.84. MS. = 0.40, p < .02.

Discussion

Experiment 2 has shown that priming of structurally pos-
sible objects is observed after five 1-s left/right judgments. but
not after a single 1-s left/nght judgment. The failure to observe
priming in the single 1-s exposure condition indicates that
several seconds are required to perform the encoding opera-
tions necessary to build a structural description of a novel
object that is sufficient to support priming on the object

Number of study exposures/test order

One exposure

Item type First
Possible objects
Studied .60) 72
Nonstudied .59 71
M .60 71
Impossible objects
Studied .62 65
Nonstudied 62 67
M 62 .66

N’ulb. [ach study}xp(;surc conﬁ}sicd Of;l 1-s Icft/righrlrjudg:mem.

_ Second_

Five exposures

M o Fxm o S‘Tm“d, Ai
.66 A R0 8
.65 64 73 68
— .70 17 —
.64 .87 .61 .59
64 62 61 62
— .60 61 —
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decision task. (It is of course conceivable that a 1-s exposure
would be sufficient to support priming of novel objects on an
implicit test other than object decision.) This result is also
consistent with the finding in the present experiments and
those of Schacter et al. (1990a) that the appearance of studied
or nonstudied objects on a recognition test does not produce
robust priming. Test priming effects have generally been either
weak or absent in most experimental conditions, although
there was a trend for test priming in the single-exposure
condition of Experiment 2, and a similar trend was observed
when performance was assessed at long delays (see Schacter,
Cooper, & Delaney, 1990b). However, the fact that significant
test priming has not been observed makes good sense in view
of the fact that subjects’ recognition latencies are generally on
the order of 1 to 1.5-s in our experiments. The lack of priming
in the l-s-exposure condition and the failure to observe con-
sistent test priming effects suggest that priming on the object
decision tests depends on careful and extensive structural
analysis of an object at the time of study. If appropriate
structural analyses are not performed, either because the task
does not require them or because insufficient time is given to
perform the necessary computations, object decision priming
apparently will not be observed.

The foregoing considerations suggest that a 5-s left/right
judgment allows subjects to encode the various kinds of
structural information about an object that are needed to
facilitate subsequent object decision performance. The fact
that significant priming was observed following five 1-s ex-
posures suggests that some of the necessary structural infor-
mation can be acquired from successive and temporally sep-
arate brief exposures to an object. These considerations, when
coupled with the finding from Experiment 1 that four 5-s
exposures do not produce more priming than a single S-s
exposure, suggest that when an adequate or complete struc-
tural description has been formed on the basis of a 5-s left/
right judgment, further repetitions are redundant and do not
add to priming. However, when an incomplete structural
description has been formed on the basis of a 1-s exposure,
further repetitions are beneficial, perhaps because they allow
the necessary structural information to be acquired.

It is important to note, however, that the overall magnitude
of the priming effect after five 1-s exposures is somewhat
smaller than the priming effects observed after one or four 5-
s exposures condition in Experiment 1. Indeed, when we
performed the Q analysis described in Experiment 1, we found
that the Q value for studied objects (+.52) was higher than
for nonstudied objects (+.46), but we also found that the
difference did not achieve statistical significance, #(38) < 1.
This analysis suggests that the component of priming attrib-
utable to a newly acquired structural description—as opposed
to response bias—may be less robust after five 1-s exposures
than after a single 5-s exposure and, hence, that a single S-s
exposure may produce a more useful or complete structural
description than five separate 1-s exposures. However, it is
not entirely clear whether a nonsignificant difference between
Qs for studied and for nonstudied cbjects signals that priming
should be attributed to response bias (see discussion of Ex-
periment 3), so it is probably reasonable to conclude that
priming in the five 1-s exposures condition is based at least

in part on a stored structural description. Note that explicit
memory was considerably higher following five 1-s exposures
than following a single 5-s exposure (as is indicated by com-
paring data in Table 4 and Table 2). thus indicating again
that implicit and explicit memory for novel objects can be
dissociated experimentally.

Experiment 3

Experiments 1 and 2 suggest that a 5-s left/right judgment
may be sufficient to encode a reltively complete structural
description of an object, at least with respect to the demands
of the object decision test. However, the repetition manipu-
lations used in these experiments involved performing the
same encoding operations (i.e., left/right judgment) on each
exposure to target objects. This kind of repctition may have
provided redundant structural information about the objects
and, hence, did not increase the size of the priming effect
(although the same repetition manipulation did improve ex-
plicit memory). Thus, it is possible that priming could be
enhanced if, in addition to the left/right task, subjects per-
formed a different encoding task that yielded nonredundant
structural information about studied objects.

To examine this issue, we compared priming in the left/
right condition with priming in a condition in which subjects
performed both the left/right task and a three-dimensional
classification task. In the three-dimensional classification task,
subjects are asked to classify each target object in terms of
which of three categories of real-world, three-dimensional
objects the target would best fit: type of furniture, household
object, or type of building. In previous research (Schacter et
al., 1990a) we found that the three-dimensional classification
task produced significant priming effects on the object deci-
sion test. Because this task supports priming, we assume that
it provides a basis for establishing a three-dimensional struc-
tural description of an object. However, the encoding opera-
tions required by this task differ at some level from the
encoding operations required by the left/right task. Perform-
ing both the left/right and three-dimensional classification
tasks (we will refer to this task as the left/right+ condition),
then, should add nonredundant information to the encoded
representation of target objects. The question is whether this
information is useful for the object decision test and thus
increases the magnitude of priming.

Table 4
Recognition Performance: Experiment 2
Number of study
exposures
Item type One Five M
Possible objects
Studied .60 77 .68
Nonstudied .28 .10 .19
Impossible objects
Studied .52 72 62
Nonstudied 31 .19 .25

Note. Studied = proportion of studied items called old (hit rate).
Nonstudied = proportion of nonstudied items called o/d (false alarm
rate). Each study exposure consisted of a 1-s left/right judgment.
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In Experiment 3 we also explore further whether priming
of impossible objects can be observed. The left/right+ con-
dition should provide useful information in this regard be-
cause it will allow us to determine whether performing two
different types of structural encoding tasks supports priming
of impossible objects. Moreover, we have already observed a
trend for priming of impossible objects following the three-
dimensional classification task alone (Schacter et al., 1990a,
Experiment 3, object decision first condition).

We also modified our materials and paradigm in an attempt
to produce equivalent levels of baseline performance for
possible and impossible objects. A potentially problematic
feature of Experiment 1 is that baseline levels of performance
for nonstudied possible objects were consistently lower than
for nonstudied impossible objects (see Table 1). Stated slightly
differently, there was a bias to use the impossible response
more frequently than the possible response for nonstudied
items. (This trend was also evident in the first test object
decision data from Experiment 2. but it was not apparent in
the second test data.) By contrast. in our previous experiments
using the left/right task (Schacter et al.. 1990a. Experiments
I and 2). performance on nonstudied items was nearly iden-
tical for possible and for impossible objects.

Because comparison of the relative amounts of priming for
possible and impossible objects can be made most readily
when equivalent baselines are obtained. it would be desirable
to replicate the results of Experiment 1 under conditions in
which baseline performance for possible objects is higher than
was observed in Experiment 1 and, hence, more nearly equiv-
alent to the baseline level for the impossible objects. To
achieve this objective., we made two small changes in our
experimental paradigm. First. we used the set of possible
objects from the Schacter et al. (1990a) study. which generally
yielded higher levels of baseline performance than did the
possible object set used in Experiments | and 2. Second. we
explicitly informed subjects that one half of the figures on the
object decision test were possible and the other half were
impossible: in previous experiments we had simply indicated
that some objects would be possible and that some would be
impossible. We reasoned that providing this information
would reduce the likelihood of any generalized bias to use the
impossible response more often than the possible response.

Method

Subjects. A total of 80 University of Arizona undergraduates
participated in the experiment in return for course credits.

Materials, design, and procedure.  The cnitical items consisted of
the 20 impossible objects from Experiments | and 2 and the 20
possible objects used in Schacter et al. (1990a). As noted earlier. this
set of possible objects yielded generally higher levels of baseline
performance than did the possible objects used in Experiments | and
2. and these haseline levels were nearly equivalent to those obtained
with the impossible objects.

The main design consisted of a 2 X 2 x 2 x 2 mixed factorial. with
two between-subjects vanables (left/night vs. left/right+ encoding and
object decision vs. recognition test) and two within-subjects vanables
(studied vs. nonstudied items and possible vs. impossible objects). In
addition, the object decision test was either given alone or after the
recognition test, thereby creating a test order variable for the object

decision analysis. For the left/nght+ encoding task. one half of the
subjects performed left/right judgments on all target objects and then
performed the three-dimensional classification task on the same
objects: the other half of the subjects performed the elaborative
classification task first and the left/night task second. Possible and
impossible objects were each randomly divided into two subsets of
10 items, and the subsets were completely counterbalanced across
experimental conditions.

In the left/right condition, task instructions and item presentations
were the same as those described in Experiments 1 and 2. In the left/
right+ condition. one half of the subjects were first given left/right
encoding instructions and then were given 5 s to make left/right
judgments about all target objects. After making left/right judgments
for all studied objects. these subjects were then told that they would
be shown the same objects again, but would be asked to make a
different judgment. They were instructed to classify each object into
one of three categories, depending on what the object most reminded
them of: a type of furniture, a household object. or a type or part of
a building. They were further asked to generate a specific exemplar
from the category that was chosen (e.g.. a desk. a botile, or a wall);
§ s were allowed for each classification. The other half of the subjects
in the left/right+ condition performed the three-dimensional classi-
fication task first and the left/right task second.

One half of the subjects in the left/night and left/right+ conditions
were then given either the object deciston test or the recognition test:
subjects in the latter condition were given the object decision test
after the recognition test. All aspects of testing were the same as
described in previous experiments.

Results

Object decision. Consider first the results from the left/
night condition (see Table 5). These data replicate the major
trend observed in previous experiments-—robust priming for
possible but not for impossible objects--under conditions in
which the overall baseline levels of performance for the two
types of objects are virtually identical (.63 for possible objects
and .62 for impossible objects). In the left/right+ encoding
condition, the magnitude of priming for possible objects was
about the same as in the left/right condition. and there was
no evidence for priming of impossible objects: in fact. there
was a trend for less accurate classification of studied than of
nonstudied 1impossible objects in both the first and second
test conditions (see Discussion section). There was no clear
evidence of test-induced priming in either encoding condition.

An ANOVA revealed main effects of both item type (stud-
ied vs. nonstudied). F(1. 76) = 4.67. MS, = .023, p < .05,
and object type (possible vs, impossible), F(1. 76) = 17.55,
MS. = .027, p < .001. There was also a significant interaction
between these two variables, F(1, 76) = 25.26. /S, = .018.
p < .001, thus confirming that priming was observed for
possible but not for impossible objects. There was also an
unanticipated Test Order X Object Type X Item Type inter-
action. F(1, 76) = 5.12. MS, = .018, p < .05. indicating that
the magnitude of priming for possible objects relative to
impossible objects was greater when the object decision test
was given first than when it was given second. We have not
observed such an interaction previously in similar experi-
ments. and we will not discuss it further.

The main effect of encoding condition was nonsignificant,
F(1, 76) < 1. and this variable did not enter into any signifi-
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Table §
Object Decision Performance: Experiment 3

Type of encoding task/test order

Left/right Left/right+
Item type First Second M First Second M
Possible objects
Studied .80 .69 75 .80 .78 .79
Nonstudied 66 .60 63 .64 1 .67
M .73 .65 —_ 72 .75 —_
Impossible objects
Studied .67 62 .65 65 .60 .63
Nonstudied .67 .57 .62 .74 .68 )
M .67 .60 — .70 .64 —

Note. Subjects in the lefi/right condition were given 5 s to make a left/right judgment: subjects in the
left/right+ condition were given 5 s to make a left/right judgment and 5 s to make a three-dimensional

classification judgment.

cant interactions (all Fs < 3.01). No other main effects or
interactions were significant.

Recognition. The recognition data are presented in Table
6. In contrast to the object decision results, type of encoding
condition had a large effect on recognition performance:
Explicit memory was much more accurate in the lefi/right+
condition than in the left/right condition. An ANOVA per-
formed on the hit rates revealed significant main effects of
encoding condition, F(1, 38) = 41.04, MS. = .029, p < .001,
and object type, F(1, 38) = 4.70, MS. = .018, p < .05, with
no interaction between these two variables, F(1, 38) < 1.
When the same analysis was performed on hit rates minus
false alarm rates, a highly significant effect of encoding con-
dition was again observed, F(1, 38) = 40.44, MS. = .052,
p < .001, and the Encoding Condition X Object Type inter-
action was nonsignificant, F(1, 38) < 1. However, the main
effect of object type failed to reach significance in this analysis,
F(1, 38) = 2.38, MS. = .036, thus indicating that the differ-
ence between recognition of possible and impossible objects
was not robust in the present experiment.

Two further analyses were performed that included type of
test (object decision vs. recognition) as a between-subjects
variable (the results of these analyses were the same when hit
rate and hit rate minus false alarm rate were used for the

Table 6
Recognition Performance: Experiment 3

Type of encoding task

Item type Left/right Left/right+ M
Possible objects
Studied .70 94 .82
Nonstudied .23 17 .20
Impossible objects
Studied .63 .88 .76
Nonstudied .25 15 .20

Note. Studied = proportion of studied items called o/d (hit rate).
Nonstudied = proportion of nonstudied items called o/d (false alarm
rate). Subjects in the left/right condition were given 5 s to make a
left/right judgment; subjects in the left/right+ condition were given
5 s to make a left/right judgment and S s to make a three-dimensional
classification judgment.

recognition data, so only the hit rate analyses are reported).
For the first analysis, in which type of test was a between-
subjects variable, the critical outcome was a significant En-
coding Condition X Type of Test interaction, F(1, 76) =
12.82, MS. = .053, p < .001. For the second analysis, in
which Type of Test was a within-subjects variable, a similar
Encoding Condition X Type of Test interaction was observed.
F(1,76)=11.14, MS. = 0.42, p < .01. These analyses confirm
that recognition but not object decision performance was
influenced by the encoding task manipulation.

Discussion

The left/right+ condition greatly enhanced explicit mem-
ory for possible and impossible objects relative to the left/
right encoding task alone. Nevertheless, we still failed to
observe any evidence for priming of impossible objects in the
left/right+ condition, and priming of possible objects was no
greater in the left/right+ condition than in the left/right
condition. In addition. we observed priming of possible but
not impossible objects under conditions in which baseline
levels of object decision accuracy were essentially identical for
the two types of objects.

With respect to the possible objects, our data are consistent
with the idea that the encoding operations performed during
a 5-s left/right judgment allow subjects to form a relatively
complete structural description of a novel object with respect
to the demands of the object decision test. The results of an
earlier experiment (Schacter et al.. 1990a. Experiment 3)
showing significant priming following the three-dimensional
classification task indicate that similar conclusions also apply
to this task. With respect to the impossible objects. the absence
of priming in the left/right+ condition provides further evi-
dence that the general failure to observe priming for these
objects is not simply a function of some sort of generally weak
memory representation because explicit memory for impos-
sible objects was quite robust in the left/right+ condition.
These results also indicate that performing two nominally
different structural encoding tasks apparently does not pro-
duce a global structural description of an impossible object
that can support object decision priming
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The foregoing points should be considered in light of one
possibly problematic feature of our data: the trend toward less
accurate object decision performance on studied than on
nonstudied impossible objects in the left/right+ condition
(see Table 5). This trend suggests that the left/right+ condition
may have produced a strong response bias to call all previously
studied objects possible. The observed priming for possible
objects and lack of priming for impossible objects may thus
be partly or entirely attributable to this response bias. To
assess the issue, we computed Yule’s Q for studied and
nonstudied objects in both the left/right+ and left/right con-
ditions. Not surprisingly, in the left/right+ condition, Q for
studied objects (+.57) and nonstudied objects (+.55) did not
differ significantly, 1(39) < 1. By contrast, in the left/right
condition, Q for studied objects (+.64) was significantly higher
than Q for nonstudied objects (+.51), 1(39) = 1.67, p < .05.

Although this analysis suggests that priming of possible
objects in the left/right+ condition is largely attributable to a
bias to use the possible response more frequently for all
studied objects (possible and impossible) than for nonstudied
objects, we think that there are both logical and empirical
grounds on which to question this conclusion. The logical
argument follows from the previously established experimen-
tal fact that the left/right and three-dimensional classification
tasks, when performed separately, each produce priming of
possible objects that is not attributable to response bias: Q for
studied objects is significantly higher than @ for nonstudied
objects in both tasks (Schacter et al., 1990a, and Experiments
1 and 3 of the present article). Because each of these tasks
produces significant structurally based priming when per-
formed alone, it makes little sense to conclude that they do
not produce significant structurally based priming when per-
formed successively.

An empirical argument against the notion that priming in
the left/right+ task is largely or entirely attributable to a
study-induced bias to use the possible response emerges from
consideration of assumptions underlying the analysis of re-
sponse bias in our experimental paradigm. Specifically, a
response bias to say possible to studied objects is assumed to
operate when subjects provide more possible responses to
studied than to nonstudied possible objects and provide more
possible responses to studied than to nonstudied impossible
objects. It is this latter tendency that takes the form of what
we will call negative priming of impossible objects—lower
object decision accuracy for studied than for nonstudied
impossible objects. The key question is whether it is necessary
to assume that such a trend in the impossible object data
indicates the presence of bias in the possible object data. If
this assumption were correct, then a simple empirical conse-
quence would follow: The magnitude of priming effects for
possible objects should be correlated significantly with the
magnitude of negative priming for impossible objects. That
is, larger amounts of positive priming for possible objects
should be accompanied by larger amounts of negative priming
for impossible objects.

To evaluate this issue, we analyzed data from 18 separate
between-subjects experimental conditions (drawn from Schac-
ter et al. (1990a) and Experiments 1-3 of the present paper)
in which priming of possible objects has been observed. We

computed the difference between studied and nonstudied
possible objects (which was always positive) and the difference
between studied and nonstudied impossible objects (which
was sometimes positive and sometimes negative). According
to the response bias argument, these two difference scores
should be significantly negatively correlated: As the difference
score for possible objects becomes increasingly positive, the
difference score for impossiblz objects should become increas-
ingly negative. However, analysis of difference scores from
the 18 experimental conditions revealed essentially no corre-
lation (r = —.06) between the two sets of scores. These data
indicate that the presence of negative priming with impossible
objects is unrelated to the magnitude of positive priming for
possible objects.

The general implication of this result is that response bias
should not necessarily be invoked as an explanation of prim-
ing for possible objects whenever negative priming of impos-
sible objects is observed. Although the occasional trend for
negative priming may signal the presence of some response
bias, it might also reflect the nature of encoding processes
elicited at the time of study. For example, if an encoding task
induces subjects to attend to only certain parts of an object,
which themselves may form a structurally possible subset of
a globally impossible object, the resultant structural descrip-
tion might increase the likelihood of making a possible re-
sponse on the object decision task (see Peterson & Gibson, in
press, for evidence that allocating spatial attention within an
object can influence the form of the structural description).

It is also tempting to speculate that the phenomenon of
negative priming of impossible objects is for the most part an
expression of random variability around a mean priming score
of zero. Consistent with this idea, we computed the overall
levels of object decision accuracy for impossible objects from
the 18 experimental conditions included in the foregoing
analysis. Performance was virtually identical for studied (.64)
and for nonstudied (.65) objects, thus indicating zero priming
of impossible objects across conditions (the corresponding
proportions for possible objects in the same 18 experimental
conditions were .77 for studied objects and .64 for nonstudied
objects).

With respect to Experiment 3, the foregoing considerations
support the argument that priming of possible objects in the
left/right+ condition is at least partly attributablie to encoding
of a structural description—and not solely to response bias—
despite the trend for negative priming of impossible objects.
This conclusion makes sense in view of the fact noted earlier
that the left/right and three-dimensional encoding tasks, when
given alone, produce structurally based priming, thus making
it difficult to understand why performing both tasks would
simply produce a response bias to say possible.

However one views the response bias issue, Experiment 3
provides no support for the idea that performing two different
encoding tasks yields structural representations of impossible
objects that support significant priming and provides further
evidence that priming of impossible objects is not observed
with the modified matenals and task instructions developed
in Experiment 1. These observations lead us to question
whether any other features of our task or materials could be
responsible for the failure to observe priming of impossible
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objects. One conceivably relevant feature concerns the size of
our target drawings. For the impossible objects used in Ex-
periments 1-3, the mean visual angle subtended was 8.2°
(when viewed from 60 ¢cm), with a range of 6.9°-10.6°. For
the possible objects used in Experiment [, the mean visual
angle was 7.7°, with a range of 6.5°-8.9% for the possible
objects used in Experiments 2 and 3 the corresponding mean
was 6.0° with a range of 4.7°-6.7°. Thus, impossible objects
were on average larger than possible objects in all experiments.

Although there is no strong reason to suppose that size
differences among objects are responsible for the pattern of
priming data, we confront the issue directly in Experiment 4
by examining performance with target drawings of equal size.
To accomplish this objective, we equated possible and impos-
sible objects with respect to a reference frame of standard size
and then examined object decision and recognition perform-
ance following the left-right encoding task.

Experiment 4

Method

Subjects. A towal of 40 University of Arizona undergraduates
participated in the experiment in return for course credits.

Design, materials, and procedure. The main design consisted of
a2 x 2 x 2 mixed factorial, with one between-subjects variable, type
of test (object decision vs. recognition,, and two within-subjects
variables, object type (possible vs. impossible) and item type (studied
vs. nonstudied). In addition, for the object decision analysis, test order
(first or second) was included as a between-subjects variable.

Target materials consisted of the same 20 possible and 20 impos-
sible objects that were used in Experiment 3. To equate these objects
for size, we constructed an 8.6-cm circular reference frame. All figures
were scaled to fit within the reference frame. When viewed from 60
cm, all objects subtended a visual angle of 8.16°.

Subjects initially performed the left/right encoding task, followed
by either the object decision or recognition test; immediately after
completion of the recognition test, subjects in this group were given
the object decision test. All aspects of instructions, counterbalancing,
and procedure were exactly as described for the left/right group in
Experiment 3.

Results and Discussion

Object decision. The pattern of object decision perform-
ance was quite similar to that observed in previous experi-
ments using the left/right encoding task: There was strong
evidence for priming of possible objects, little evidence for
priming of impossible objects, and no systematic effect of test
order (see Table 7). An ANOVA revealed significant main
effects of object type, F(1. 38) = 7.89, MS. = .041, p < .01,
and item type, F(1, 38) = 10.71, MS. = .013, p < .01. More
important, there was a significant Object Type X Item Type
interaction, F(1, 38) = 14.92, MS. = .009, p < .001, thereby
confirming that priming was observed for possible but not for
impossible objects. There was also a marginally significant
Test Order x Object Type X ltem Type interaction, F(1, 38)
= 4.06, MS. = .009, p = .051, reflecting a trend for priming
of impossible objects on the first test, together with a trend
toward negative priming of impossible objects on the second

Table 7
Object Decision Performance: Experiment 4
Test order
Item type First Second M
Possible objects
Studied .82 .79 .81
Nonstudied T .67 .69
M 77 72 —_
Impossible objects
Studied 7 .61 .66
Nonstudied 65 .66 .66
M .68 .64 —

Note. The encoding task consisted of a 5-s left/right judgment about
size standardized objects.

test, whereas similar levels of priming for possible objects were
observed on both tests. However, neither of the trends ob-
served with the impossible objects approached significance
(both ts < 1). Moreover, neither the main effect of test order
nor any other interactions involving test order were significant
(Fs < 1.51). Accordingly, the major result of Experiment 4 is
that priming of possible but not of impossible objects was
observed, thus indicating that previous failures to observe
priming of impossible objects cannot be attributed to the
variable size of target drawings because size was equated in
the present experiment.

In light of our earlier discussion of response bias and
negative priming, it is perhaps worth noting that the data in
Table 7 once again illustrate the independence of positive
priming of possible objects and negative priming of impossible
objects. In the object decision first condition, there wasa +.11
priming effect for possible objects together with a +.06 effect
for impossible objects: in the object decision second condition.
there was a +.12 priming effect for possible objects together
with a —.05 effect for impossible objects. Thus, the magnitude
of priming for possible objects was virtually identical whether
there was positive or negative priming of impossible objects.
Nevertheless, we computed Yule's Q for studied and for
nonstudied objects to determine whether significant differ-
ences were observed. The Q for studied items (+.65) was
significantly higher than the Q for nonstudied items (+.51).
#39)=2.67,p < 0l.

Recognition memory. Recognition performance showed a
relatively small difference between hit rates for possible ob-
Jjects (.70) and impossible objects (.66), together with a lower
false alarm rate for the possible objects (.19) than for the
impossible objects (.31). Analysis of the hit rate data alone
failed to show a significant difference between the two types
of objects, 7(39) < 1, but combined analysis of hits minus
false alarms did, ¢(39) = 2.96, p < .01l.

General Discussion

Our experiments have provided new information about the
properties and characteristics of implicit memory for novel
visual objects, as indexed by priming effects on the object
decision task, and have provided further evidence that implicit
and explicit memory can be dissociated. Priming for structur-
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ally possible objects was equivalent after one or four 5-s left/
right judgments (Experiment 1) and was also about the same
in the left/right condition and the left/right+ condition, in
which subjects performed the left/right task and a three-
dimensional classification task (Experiment 3). By contrast,
explicit memory was significantly higher after four repetitions
than after one, and it was also higher in the left/right+
condition than in the left/right condition. Experiment 2
showed that a single 1-s left/right judgment did not produce
priming on a subsequent object decision test, whereas five
1-s left/right judgments did. No evidence for priming of
structurally impossible objects was observed in any experi-
ment, despite (a) inclusion of only those objects that elicited
nearly perfect intersubject agreement, (b) modification of task
instructions from our previous experiments to avoid the iden-
tification of impossible responses with negative responses, {c)
provision of four or five repetitions of the left/right encoding
task (Experiments | and 2) or different structural encoding
tasks (Experiment 3), and (d) use of size-standardized objecis
(Experiment 4).

The failure to document priming of impossible objects,
despite numerous experimental variations, indicates that it is
unlikely that this finding is attributable to some spurious or
idiosyncratic feature of our instructions, materials, or proce-
dures. Moreover, the absence of priming, even when explicit
memory for impossible objects was quite high, indicates that
attempts to explain our results in terms of a generally weak
memory representation for impossible objects are unlikely to
be useful. Of course, the fact that we have not found priming
of impossible objects on the object decision task need not
imply that such priming cannot be observed on this task
under some set of experimental conditions. Our findings do
indicate, however, that there is a wide range of conditions in
which priming of possible objects is robust, whereas priming
of impossible objects is absent.

In view of the foregoing considerations, we think that our
data can be most readily interpreted in terms of our previously
stated structural description system hypothesis (Schacter et
al., 1990a): Priming on the object decision task depends on
prior encoding of structural descriptions that preserve global,
three-dimensional information about novel objects, and the
structural description system that is involved in such priming
either cannot compute, or has great difficulty computing, a
global representation of an impossible object. That is, the
system cannot settle in on a single global interpretation of an
impossible object, precisely because there is no globally con-
sistent interpretation of the structure of such an object. The
structural description system can, however, compute a glob-
ally consistent interpretation of a possible object, and it is this
representation that we assume provides a basis for priming.
This hypothesis suggests that explicit memory for impossible
objects—which was quite high in several experimental con-
ditions—must be based on information other than a global
structural description, such as representations of salient parts
of the object.

These ideas led to a prediction concerning task conditions
in which it should be possible to observe priming for impos-
sible objects. Specifically, such priming should occur when an
implicit test is used that requires access to information about

individual parts of an object. If an implicit test does not
require access to information about structural relations—in
contrast to the demands of our object decision task—then
there should be robust priming with impossible objects be-
cause such priming would be based on access to representa-
tions of possible parts rather than impossible wholes. An
important task for future research is to develop appropriate
implicit tests in which priming is supported by prior encoding
of component parts of possible and impossible objects.

Turning to the results on priming of structurally possible
objects, the pattern of data from Experiments 1-3 suggests,
on the one hand, that the encoding activities entailed in
making a 5-s left/right judgment (and a 5-s three-dimensional
classification) produce a complete structural description of an
object with respect to the demands of the object decision test:
The magnitude of priming is not increased by additional
repetitions of the left/right task nor by combining the left/
right and three-dimensional classification tasks. On the other
hand, the data indicate that a 1-s left/right judgment does not
enable subjects to acquire the sort of structural information
needed to support priming, thus suggesting that it takes time
to carry out the sort of extensive analyses necessary to produce
a global structural description.

The failure to observe priming in the 1-s encoding condition
is consistent with, and helps to make sense of, our repeated
failure to observe significant priming from the appearance of
studied and nonstudied objects on the recognition test in the
present experiments and previous ones (Schacter et al., 1990a)
because subjects’ recognition latencies are on the order of 1 s
in our paradigm. We did observe trends toward test priming
in individual conditions of particular experiments, but we
also observed trends in the opposite direction (i.e., more
priming when object decision was given first than when it was
given second) in other experimental conditions, perhaps re-
flecting variability associated with a between-subjects com-
parison. Combined across studied and nonstudied items from
the four experiments, however, overall performance for pos-
sible objects was .69 when the object decision test was given
first, and .71 when the object decision test was given second;
performance for impossible objects was .65 in both condi-
tions. Clearly, there is no compelling evidence that processing
an object on the recognition test produces priming. In view
of the data from the 1-s encoding condition, this is probably
because recognition judgments are made too quickly to permit
the necessary structural analyses to be carned out. It is inter-
esting to note in this regard that strong test priming effects
have been observed on the fragment completion test (e.g..
Tulving, Schacter, & Stark, 1982). Any number of differences
in tasks and materials could account for the contrasting test
priming data from object decision and fragment completion.
However, one speculative possibility is that this pattern is
produced by different characteristics of the structural descrip-
tion subsystem that we assume is involved in object decision
priming and the word-form sub-system that appears to be
involved in fragment completion priming (see Schacter,
1990).

One potential objection to our suggestion that a 5-s left/
right judgment produces a complete structural description of
a possible object concerns the potential role of ceiling effects
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in the data that are relevant to this claim. Perhaps there was
no more priming after four left/right judgments than after
one, or in the left/right+ task relative to the left/right task,
because performance in all conditions was at or close to ceiling
levels. Two points about this possibility are worth noting,
First, any argument for a ceiling effect would have to invoke
some sort of a functional ceiling because object decision
accuracy was under 90% in all conditions. Second and more
important, appeals to a functional ceiling effect are not satis-
factory, either. Consider, for example, the data from Experi-
ment i indicating that object decision performance for studied
items did not differ following one left/right judgment (.74)
and four left/right judgments (.71). An argument for ceiling
effects would hold that under the present task conditions (i.e.,
100-ms exposure). object decision accuracy cannot exceed
approximately 75% accuracy: hence the failure to observe an
effect of four exposures versus one exposure. This argument
fails, however, because in other experimental conditions we
have observed levels of object decision accuracy for studied
items over 80% (e.g.. Experiment 4 in the present paper. and
Experiment | in Schacter et al.. 1990a) and as high as 87%
(see Schacter et al.. 1990b). We therefore think that ceiling
effects are not relevant to the pattern of data that we obtained
and that the failure to increase priming with multiple expo-
sures and tasks indicates that a 5-s left/right judgment vields
all the structural information necessary to support object
decision priming. Explicit memory, on the other hand, ben-
efits from repetitions beyond a single 5-s left/right judgment.
perhaps reflecting an important difference between the epi-
sodic system that we assume s invnlved in recognition and
the structural description system that we assume is involved
in object decision priming.

Consistent with these ideas. similar patterns of data have
been reported with another task that taps priming of novel
nonverbal information. In an experiment by Musen and
Treisman (1990). subjects were given 3-s exposures to novel
dot patterns and were given an additional 7 s to “rehearse™
each pattern. Implicit memory was assessed with a test in
which subjects attempted to copy dot patterns from a brief
masked exposure. Musen and Treisman found that subjects
correctly produced more studied than nonstudied patterns.
thereby indicating the presence of priming. Most important
with respect to the present concerns, repetitions of the studied
dot patterns did not increase the magnitude of priming relative
1o the single-exposure condition, even though exphicit mem-
ory performance was sensitive to additional repetitions. If we
assume that priming in the Musen and Treisman paradigm
depends on the structural description system—an assumption
that is entirely consistent with the authors’ data and their
interpretation of it—then we have additional evidence that
priming effects in this svstem are not increased by repeated
exposures to an object or pattern.

As noted in the beginning of the article. we view the
structural description system as a presemantic system—dis-
tinct from episodic memory—that is dedicated to representing
information about the form and structure of objects and that
does not handle semantic. functional, or associative infor-
mation about them. This idea is based partly on neuropsy-
chological studies of patients with object agnosia who dem-

onstrate relatively intact access to structural knowledge about
objects, despite severe impairments in gaining access to infor-
mation about their functions or associative properties (Rid-
doch & Humphreys, 1987; Warriagton, 1975, 1982: see
Schacter, 1990, for more extensive discussion). The idea also
receives support from our experiments showing that requiring
subjects 10 relate target objects to their semantic knowledge
of real-world objects either produces no priming (Experiment
2 in Schacter et al., 19902) or no more priming that the left/
right task (Experiment 3 in the present article and in Schacter
et al., 1990a), even though these same manipulations greatly
enhance explicit memory. This is precisely the pattern of
results that would be expected if object decision priming were
mediated by a presemantic system that can function inde-
pendently of episodic memory.

Recent experiments have extended the finding that object
priming does not require semantic study processing to another
implicit task. in which we think that priming is mediated by
the structural description system. Schacter and Merikle (1990)
showed subjects line drawings of familiar objects and required
them either to think of functions that each object performs
(semantic study task) or to count the number of vertices in
cach object (structural study task). Priming was assessed with
an object completion task in which subjects were briefly
exposed to perceptual fragments of studied and nonstudied
objects and were required to complete them with the first
object that came to mind (for further discussion of the logic
of this test. in contrast to traditional picture fragment com-
pletion tests. see Schacter. Delaney, & Merikle. 1990). Explicit
memory was assessed by providing the same fragment cue
and by instructing subjects to try to remember the correct
object from the study list. Results indicated that explicit
memory was higher after semantic encoding than after struc-
tural encoding. whereas pniming was equivalent in these two
conditions. Thus. priming in this paradigm did not require
any semantic study processing.

This overall pattern of results. then. is consistent with the
notion that a presemantic structural description system is
involved in object priming on object decision. completion.
and identification tasks. whereas episodic memory is respon-
sible for explicit recall and recognition of objects. Converging
cvidence on this point is provided by the finding that amnesic
patients show normal priming on the object decision task
(Schacter. Cooper., Tharan, & Rubens. in press).Of course, it
is no doubt possible to offer an account of these results that
does not involve postulating distinct memory systems (e.g..
Jacoby. 1983: Masson. 1989: Roediger et al., 1989). Never-
theless. our data are entirely consistent with a multiple systems
account. and in addition there are a variety of heunstic and
theoretical reasons for adopting such a stance (for discussion,
seec Hayman & Tulving. 1989b: Schacter. 1990: Schacter et
al.. 1990a: Squire. 1987: Tulving & Schacter. 1990).

With respect to future research. conceptualizing implicit
memory for visual objects in terms of a presemantic structural
description system sets the stage for studies that exploit prim-
ing cffects as tools for investigating the nature of structural
descriptions: Precisely what kinds of information are pre-
served in structural descriptions of objects? Does changing
the size, the color, or the orientation of an object between
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study and test reduce or eliminate priming? How are structural
descriptions used for purposes of object identification? We
have already begun to investigate such issues with the object
decision task, and others have reported similar investigations
with related priming tasks (e.g., Biederman & Cooper, 1989).
These investigations should provide insight into the mecha-
nisms of impiicit memory and are also likely to elucidate
fundamental issues concerning the representation and iden-
tification of visual objects (cf. Biederman, 1987; Humphreys
& Quinlan, 1987; Kosslyn, 1987; Marr, 1982).
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Abstract

H Amneste panents pertorm poorlys on explicit memory tests
that require conscious recollection of recent experiences. but
frequenthy show preserved facititations of performance or prent-
g effects on amphat memorny asks tat do not require con-
scions recoliccton We examined imphcrt memory for novel
vt ety om an odyect deciston test iy winich subgears deaide
whether seructurabiv possible and inposable alyects coudd ox-
st twee-domensional form Patients with organmic memory
dhisorders showed robust priming effects on tas sk —obiject

Oz memoty disorders can be veaduced by @ varnety
ot neurotogical condinons, incluching Korsakott s svn-
drome. encephatlits, anoxe. ruptured ancurvsms, and
head mmuries Such disorders wepically invoive damage to
inppocampus. diencephaton. or basal forebrain (¢f But-
ters & Stuss 1989, Damasio. Graft-Radford, Eslinger, Da-
st XKl 1987 Weiskrantz, 19895).
st e haracenzed by mpared abyhsy o remem-
ber tecene cvents and learn new informaton despite
nornahintclhgence. percepruad processing, and language
funcoon (¢ Maves, 19588: Rozin. 1976; Squire, 1987)
Because amnesic pauents” memory deficits can be quite
severe —interfering with their ability to remember even
the most silient events of their evervday lives (c.g., Mil-
ner, Corkin, & Teuber, 1968; Schacter, 1983; Schacter,
Gliskv. & McGlvin, 199 —it is tempting to conclude
that such paaents sutfer from a global deficit that impairs
A forms of memory and learming

A major theme of recent neuropsyehological rescarch.
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deciston accuracy was higher for previously studied objects
than for nonstudicd objects—and the magnitude of priming
did not differ from matched controi subjects ur college stu-
dents. However, paticnts showed impaired explicit memory for
novel visuai objects on a recognition test. We argue that priming
s mediated by the structural description svstem, a subsvsiemn
of the perceptual representanon svstem, that operates at a
presemnantic level and is prescrved in amnesic patients. Il

cificallv. despite thew impaired abitity 1o explicitly or
consciously remember recent experiences and new in-
formation, amnesic patients often show imact implicit
memory (Graf & Schacter. 1985: Schacter, 1987a, 1987b),
that is. they show normal memory performance on tasks
that do not require conscious. explicit recollection of
recent experiences. Thus, for example, amnesic patients
can acquire perceptual and motor skills normally (cg.,
Cohen & Squire, 1980: Miincr. Corkin, & Teuber, 1968),
exhibit robust classical conditioning (Daum, Channon, &
Canavan, 1989; Weiskrantz & Warrington, 1979), and
show normal influcnces of prior experience on various
cognitive judgments (Benzing & Squire, 1989; Johnson.
Kim, & Risse, 1985).

Perhaps the most cxeensively investigated  implicit
memory phenomenon in patients with memory disor-
ders is known as repetition or direct prinung: facilitared
identification of words or objccts from reduced percep-
wal cues (Cofer, 1967: Tulving & Schacter. 1990). In a

howvever. is thae even patents with severe memonry dis- priming experiment. subjects are typically showmea list e
Betlocienesaks some preseeved memory abilities. Spe- of words, pictures, or some similar stimulus materials. REC
-ork(s po1sss It
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toltowed by an unplicit memory 1est and an explicit
memaory rest On the nplicic memory test. subjects are
requiredt o performe atask that does not require con-
~scous recoblecnon of the swaddy List, such as stem or
fragment compfetion (1 ¢ compleung o word stem or
hagment wirhy the Bese word that comes o mind). word
relentficanon (e identitving o word from a bricf per-
ceptual exposure). or fevcal decision (ic. deciding
wihwtier o leter stnng is a real word or a nonword).
Priming s inferred swhen performance on previously
studicd nwems is more accurate or faster than perfor-
NEINCE 0N New dtems that wvere not previously studied.
On the explicit memory test, subjects are required 1o
think back to the swdv list and cither recall or recognize
the targer tems. The sieiking finding from 4 large number
ot experiments. beginning with the classic work of War-
vington and Weiskrantz, is that amnesic patients show
nornid priming cffects (e.g.. Cermak. Talbot, Chandler.
& Wolbarst. 1983, Cermak. Blackford. O’Connor. &
Blcich. 19588 Gabrelin Milberg, Keane, & Corkin, 1990
Graf. Squre. & Mandier. 1984; Jacobv & Witherspoon.,
19S2: Moscovitch 1982: Schacter. 1985 Schacter & Graf.
1980h. shimamura & Squire. 1984, Tulving, Haviman, &
Muacdonadd, 1991 Warnineton & Weiskrantrz, 1968, 1974,
v reviess, see Schiceer, 1987b, Shimamura, 198
Demonstranons of preserved proming in patcnts with
mpurnients ot exphat memory have anportane smpli-
wvattons tar theonies of memory and amnesia. because
they sugeest that priming s mediited by a bramn svstem
that as disamct from. and i tuncnon independently of.
the memory svstem  that s necessiey for explion recol-
lecnon of recent evenis There s wadespread agreement
rhar aminesic panents suffer trom imeaament o an epr-
sodie (e . Rinshbourne & Wood  1973: Schacter & Tul-
ving. 1952 Tulvine 19720 1983) or declaratre (cg.
Cabhen & Sguire. 19800 Squire. 19871 memorne svsiem
that nornativ suppocs exphoit rememberning and  de-
pronds on the aintegruy of brian structures thae are dam-
aecd oy amnesi By oconteast. there s less aercement
ST TR Lt e b thie Sestem or progess Lt
sobserves prmung b cermak et al o 1985 Cohen. 1984,
Crabricir oo 1990 G e al L 1984 Moscoviech Wain.
cotr & Melachlan 1950 Schacter T987he Squiee, 1987,
e approacht ongas Liger assue s povided by a
Sooveoab ek Yor understandhine dhisso nations e
et penming ol cxphior memaory that s have pat
Py el oS e er 19090 SChcer Cooper. & Delaney.
P schacter, Rapesak Rubens, Tharan, & Laguna, 1990,
Tulving & Sdluicrer 199 A central dea in tnas frinme-
wonk s thar proming onimplicie teses such s stem and
hasment commienon word dentificanon. or fexical de-
CIMION s To S Jarge exeent o preseimeaie phenomenon
the kev evidence here s that primung effects do noe
TCOMIe senumiie processing of an nem at the ume of
sty robast priming s observed follosing nonsemantic
st psks such as countung vowels and consonants i
a nord that produce tow tevels of exphicit memory (cf

Bowers & Schacter. 1990, Graf & Mandler. 1984: Graf et
al.. 1984; Jacoby & Dallas, 1981) However. priming docs
requirc appropriate perceptualsstructural processing at
both study and test priming cffects are reduced or clim-
iated by chansing the sensory modality of presentation
hetween stucly and test (¢ g, Graf. Shimamura, & Sqire
1985: Jacoby & Dallas. 1981: Schacter & Graf, 1989). hittle
Or No priming is observed between pictures and words
(e.g.. Weldon & Roediger, 1987), and under cenain con-
ditions. studv/test changes in the exact surface form of
an item can reduce the magnitude of priming (c.g.. Graf
& Ryan. 1990: Roediger & Blaxton. 1987; but see Carr.
Brown. & Charalambous. 1989).

The foregoing observations suggest that priming ef-
fects on a variety of implicit tasks depend heavily on
brain svstems that operate on perceptual/structural in-
formation, but not on semantic/associative information.
Independent evidence for the existence of such systems
derives from a separate area of rescarch on patients with
reading deficits and object processing deficits. In the
verbal domain. studies of paticnts who can read words
aloud despite severelv impaired comprehension of those
words (¢.g.. Schwantz. Saffran, & Marin. 1980) suggest
the existence of a presemantic risual word form svstem:
inthe object domain, studies of patients who show intactac-
cess to structural knowledse about familiar obiects des-
mitc impaired access to knowledge of their functional and
associative properties have puinted to the existence of a
structural description svstem (c 8., Bauer & Rubens. 1985:
Riddoch & Humphreys. 1937. Warrington, 1975. 1982).

We have suggested that the word form and structural
deseniption svstems can be thought of as subsystems of
& more general perceptual representation system (PRS)
that plavs a crucial role in priming (Schacter, 1990 Tul-
ving & Schacter. 1990; see also Gabrieli. Milberg, Keanc,
& Corkin, 1990. Johnson, 1922), The general idea is that
<tudv of a word or an object creates a representation of
s pereeptual structure in PRS. therebv facilitating sub-
seaquent wdentification of the item from reduced percep-
wal cues: this facilitacon of performance constitutes
imphat memory for the tem  Explict memorvy for a
stuched word or object reguires an additional episodic
declarative memory svstem that permits semanuc elab-
oranons about an item as well as assoctations berveen
Antem and ws contexe (¢ place time information) By
this view the well-established fnding that amnesic pa-
uents show intact priming of familiar words despite poor
explict memory can be auributed © a normally func-
tontng visual word form subsvstem. In view of evidence
from ncuroimaging studics that the word form svstem
has an extrastriate occipital locus (Petersen. Fox. Posner.
Mintun. & Raichle. 1988) and the fact that this cortical
region 1s typicallv spared in patieris with memory dis-
orders. the priming data make neurobiological as well
as psvcholpgical sense

In the PRS framework. priming of nonverbal infor-
mation is thought 1o depend on the structural description
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wibsestem Mthough studies of college students have
provided dat thae are consistent with this notion (cf.
Kerseen-Tucker, 1991 Kroll & - Poter. 1984 Musen &
“Tretsman, 1990: Schacter. Cooper, & Delancy, 1990
schacter. Cooper. Delaney, Peterson. & Tharan, 1991).
there is lintle evidence from experiments with memory-
impaired  patents that cirectdy supports the idea (for
reviewy. see Schacter. Delanev, & Merikie, 1990). Several
stuchies have shown that exposure o line drawings of
common objects facilitates amnesic patients’ ability 1o
identife fragmented pictures of the objects (Milner et al.
1968; Warrington & Weiskranez, 1968). In these studices.
however. sumnesics showed tess priming than did control
subrects. perhaps becuuse controls made use of explici
moemory strategics not available to amnesic patients. Var-
wous other paradigms have also vielded evidence for
priming of tamiiiar objects (¢f. Baddeley. 1982: Crovitz,
Harvev, & MeClanshan, 1981 Mceudell & Maves. 1981)
andd untamubar pavcerns (Cohen. Abrams, Harlev, Tabor.
Gordon. & Scmowski. 1986) 1 amnesic patients, but it
o e trom these expermients whether primng is
meict retatve o controls Hosvever, a recent studv by
Gabaich et al (1990 demonsteated  intact proming
ol novel dor paterns in the severely amnesic panent
[RINY
Afthougrr st thus seems dicir thar amnesic pauents
show some primimg of nonverbal informaton. there s
fitde evidence that such priming ts normal. and none of
the paradigms that have heen used was designed with a
view toward assessing the possible role of the structural
descripuion svstem: The purpose of the present study is
oanvestgae prmng of nonverbal informauon in a
group of panents with orgame memory disorders, using
anexperimental paradigm in which there are emprrical
arounds 1o argue thar the observed priming cffects de-
pend on the structural deserpaon svsiem
The paradigm that we used has been developed and
expiored in experiments with college students (Schacrer.
Cooper. & Delaney, 1990 Schacter et al. 1991y and
mvoives presentation and wstmg of ine drawings such
as those depraed o Frgure 1Al of the hine drawings
depmat novel untimuilar obwecrs that do not actually exist
mthe toee-dmmensional world Half of the obyects are
stucturallv posable —therr safzees and edges are cone
el e ot thies copfed cxast m thiee-dimensional
S e e orer ol are stracaealiv pnpossible
chycos ahey contm amincuous oes aaed planes du
creare mmpossible celanons that would  prevent them
trom existmg i three-dimensional form
Toaess prming o mphat memory for these ob-
icets o we developed an odgect decision task i which
previouste studied drawangs and nonstudied  drawings
e bricth presented. and subyects decide svhether cach
drawing s soucturally possible or impossible: no refer-
cnee s made o the prior study epsode. We argued that

ture of cach object. Accordinglv. we reasoned that en-
coding of information about global object structure
during a study episode should improve the accuracy of
subscquent object decision performance. and that this
priming cffcct would constitute cvidence of implicit
memory for novel visual objects.

Qur experiments using this task have provided several
lines of evidence that are consistent with these ideas.
The most important findings for the present purposcs
are that (1) priming is obscrved on the object decision
test following study tasks that involve encoding of global.
three-dimensional structurc (c.g., judging whether the
object faces primartly 1o the left or right), but not follow-
ing study tasks that involve cncoding of local. two-di-
mensional fcatures (c.g., judging whether the object
contains more horizontal or vertical lines). (2) semantic
or claborative encoding tasks. such as gencrating verbal
labels for the objects. vield much higher levels of explicit
memory performance on a recognition test than do struc-
tural encoding tasks, but do not increasc—and some-
umes reduce —the magnitude of priming on the object
decision test. (3) priming exhibits stochastic indeped-
ence (Havman & Tulving. 1989) from recognition mem-
orv. and (4) priming is consistently observed for
structurally possible objects, but not for structurally im-
possibic objects

The fact that priming cffects on the object decision test
require prior structural encoding. but not semantic en-
coding. supports the idea that priming is based on a
presemantic structurai description system: the fact that
priming can be dissociated from explicit recognition per-
formancce suggests that this system can operate indepen-
dently of cpisodic/declarative memory. Within the
context of these ideas. the failure to consistently ohserve
priming for structuraily impossible objects may indicate
that it is difficult to compute a global structural descrip-
non of an impossible object.

In view of these findings with normal subiects. the
performance of patents with explicit memorv deficits in
the obicct decision paradigm should be informative. If
the structural description system is spared in these pa-
uents. and can thus cstablish giobal represcntations of
novel objects. then they should show normal priming
cftects. with greater priming for possible than impossible
obyects I such prining 1s not observed. however, our
ideas about the miture of the structural descripuon svs.
tem and ity relation o episodicdeclaranve memorny
would have to be reviscd V

To address these issucs. we examined implicit and
expiicit memory for novel objects in six patients with
organic memory disorders, six matched control subiccts,
and six student controls. All subjects initiailv performed
a structural cncoding task (judging whether each object
faces primaniy 1o the left or to the right) They then
made possible/impossible object decisions about studicd

nuakmng the possible:impaossible decision requires access and nonstudied objects, and were subsequently givenan - 1U S
w antormanan about the global. three-dimensionat struc-— explicit recognition test for all obijects. . . REQ
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RESULTS
Object Decision

Fable 1 odispiavs the propornons of correct olyect decr-
stons nade aboure soadhced and nonstacdied possible and
snpesable oicees he e thece st wroups Overall
Poschine perormuance (o nonstudicd olecrs was lose
A o cach wroups floswever, panents wath memory
deorders and matched control subrects o alesser de-
gree rended o use the possible”™ response more often
than the impossable response for nonstudied  tems.
wherceas colfcee students shosved 1 nearly cqual distri-
bution ot “possible” and - impassible” responscs. In view
of the savall number of subieers per condinon (12 = o),
these unanoiapated fluctwanons in the refative frequency
oF “possible wnd Cimposeihle” responses for nonstudicd

wems are difficult to mterpret

The critical finding displaved in Table 1 is that the
amnesic pauents performance on the object decision
rest wis more accurate for studied objects (.61) than for
nonstudicd obyects ( 51 Moreover. the magnitude of the
pewming effece. as idicated by subtracung the proponion
correct tor nonstudhed objects from the proportion cor-
rect for studicd obrects, was virtuatly identical in pancnts
€ 10). matched controis ( 11, and student controls (1)
lust like normal subjects in Many previous CXperiments.
paticnts with memory disorders showed a large priming
cffect tor possible obiccts and no priming for impossible
obiects. Five of the six patients showed some priming
for possible obiects: oniv the head-injured patient W C
failed 1 show anv cvidence of priming. The student
contro| group exhibited a necarlv identical pattern of
results. Bv contrast, the matched control group showed
priming for both possible and impossible objects, with
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Table 1. Obyect Deasion Performance Yor Studied and Nonstudied Obiects by Three Subiect Groaps

Subject Group/item Type

v Amnesic Marched Stuedens
Patients Controls Controls hY}
et —— .

Iy N Y Y Ny N AR S NS
Fossibie 81 o3 7 4R 0 48 4 53
Impossbic AN S 53 42 18 a8 4= 43
' i Sl S6 4s 39 48 S0 48

Aote Each entre ndicates the propormion of caerect object deasons in a partcuiar concinon. ST reters 1o studied obgects and NS refers o

nonstuched obyeces

lable 2. Recogmition Performance for Studied and Noastudied Obiects by Three Subject Groups

Sulyect Groupiltem Tyvpe

Amnesic Matched Student
Panents Controls Controls M
et
e . Y N AU N NS < NS
ossihie ns 1 0 a0 62 23 To 29
Imposable il a~ 09 R 8 20 03 32
| 2 P - iy S8 :l 0 3‘

Nere Fach ennvoacticars the propottion of oects cabled “okd T an 3 caticuiar expenmenial condinon ST reters 1o studied ohyects and the
COTCspodng proportons ue M aeres, UNST reters o nonstudied obrects. and the corresponding proporions are raise alarm rates

Aorrend woward grearer primiung of aimpossibie obnects
ftosweever closer specnon of the matched conrols data
reveated that the apparent primmg of impossible oinects
1~ sthmost ennrele aunbutable 1o oo sngle subject thus
suggestme oot the rrend is probably an artitact of smuadl
sample s2¢

Ardvas ob viance provades stapsuct conhmton of
S taregomre doscrpRion oF e resuits THere sas 1 main
ciiccr of Trem Tvpe ostched vs Nonstudiiedy, Frl 15y =
M MSe o= DN D3 connrnung e sigancant
oMY wWas observed sieross grouns importantly, there
wWas 0 nonsigehci auin oot o Subredt Group.
Fr203) < 1MSe = 049 and a nonsigincant liem Type x
subyecr Group meeracaon, F(1L1sy < 10 MSe = 000,
mcheanng du the overadl nuemtude of priming did nor
ittey cross the three groops . A saoghcant oan effeet
o Obyeet fyvpe was obsenvedt Fe sy = 13 14, Mse =
s e 0] showing L bieher overall proporuon ol
possable rosponses than impossible responses There was
abho a signihicant Irem Type X Obyect Tvpe interaction.
FOL15) = 1197, MSc = 000. p < 01. indicating more
prunmg of possible than impossible objects across sub-
et groups However. these Andings were qualificd by a
signihcant Subnecr Group x Irem Tvpe X Obiect Type
wrcracnon, 2158 = 386, p < 02 The interaction re-
Hoces che face ehae panents and student controls showed
priming for possibie but not mpossibie olnects, sehereas

[ Toeraed of Cognitnre Nerosaence

matched controls show o trend for more priming of
impossible than possible obiecs.

Recognition memory

Data trom the ves no recogmoon test are displaved as
hits (1 ¢ "ves” responses to studied obiccrs) and false
diarms ae . tves” responses (o nonstudied obiects) for
cach subrect group (Table 2y To correct tor possible
criterion differences across groups. recogmiuon accuracy
was assessed with g corrected recognition measurce (hits
munus fiise alarms). These data contrast nath the object
decsion results. inasmuch as thev show a strong cffect
of subject group Recognition accuracy was lower in am-
nesic panents ¢ 193 than i matched controls ( 36) orin
student contols €631 Recognition was mare 2¢curate
for possible than impossible obiccts in cach subject
group

An analysis of variance on the corrected recognition
scores revealed significant main effects of Subject Group.
F(2.15) = 13.11. MSe = 044.p < 001. and Objecct Type.
F(2.15) = 11.57, MSe = 017, p < .00S. and a nonsignifi-
cant Subject Group x Object Type interaction. F(2.15) =
2.29. MSc = 017. Planned comparisons showed signifi-
candy fower Icvels of recogniron accuracy n the patient
group than in either matched controls. 1((10) = 185, p <
05 or student controls, (1M = 517, p < 001, and

1]
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stemncanny dower devels or recogminon  accuracy mn
matched conteods dam e student conteols, 10y = 3.26.
n < Of

. "

Relation Between Object Decision and
Recognition

[he torcgomy resuies idheate dut patents with memory
chsopdess showee mact prsmmg on the object decision
rest despiee impanred recogmmon To assess the relation
Derwveen et deaston md recogmition performance
maore doectv. we pertormed a2 combined ANOVA i
which Tepe of Test was g witiin-subyiects factor For cach
subject, we entered 4 prinung sCore (Proportion correct
for studied obredts minus proporaon correct for non-
stuclicd obiectsy and a corrected recognition score (hits
minus false aluwmsy The critical outcome of this com-
hined ANOVA was a significant Subject Group X Tvpe of
Tost mteracnon. £(2.15) = 675 MSe = 041 p < 01
The interaction is depicted graphically in Figure 2

To examine further the relation between obiect dect-
~on and recogninon performance. we perrormed con-
rneeney anatvses that allow us 1o determine whether
cruming on the obiect decaiston task is dependent on, or
mdependent of. recozmtion memaory In previous studies
with college studients, we have tound that obiect decision
primmg exhibits stochastuc mdependence from reco-
mnon pertornumee oschacter, Cooper. & Delaney, 1992,
Schacter, Cooper Debany, Peterson, & Tharan, 1991 —
that <. the magnnude of the primang eftect 1s uncorre-
Luacd sty recoumuon pertormanee To assess indenen-
denee e used e Yule s O stanse, a specil ase ot
Goodnun & Rruskal ~ (1950 gamma corrclanon e

applics to the analvsis of data from 2 x 2 conygency
tables. Q is a measure of the strength of relauon between
two variables that can varv from + 1 (positive association)
to -1 (negative association), where 0 reflects complete
independence (see Havman & Tulving. 1989, for morc
detailed discussiony Qur contingency analvsis included
oniy possible obiects. because priming of possible ob-
jects was observed in all subject groups. For cach of the
three groups. we constructed 2 X 2 contingency tables
for studicd possible objects in which each of the four
cells corresponded to one of the four joint outcomes of
the obiect decision and recognition tasks: (1) correct
response on both object decision and recognition, (2)
incorrect responses on both object decision and recog-
nition. (3) correct response on obiject decision and in-
correct response on recognition, and (4) correct
responsc on gecognition and incorrect response on ob-
ject dccisiorOEThc Q analysis was performed on cach
contingency table according to the procedure suggested
by Havman and Tulving (1989). The resulting Q vatues
were - 099 for amnesic patients. — 119 for matched
controls. and +.262 for student controls. None of the O
vaiues differed significantly from zero (all x° < 1)
thereby indicaung that obiect decision priming and rec-
ognition memory were independent in each of the three
subiect groups. Although there was a trend for some
nosiive association in student controls and slight nega-
tve associauon in pauents and in matched controls. the
Q value for the student controls group did not differ
significantdy from the Q value for either of the other
uroups thoth oo b

1t 1 also perhaps worth noung that we observed in-
dependaence under conditions 1n which the implicit

Piguree 20 Ot deomins o)
FUCOUIIE Y O OrR g b
' Tee oot groties oo
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able 3. Characerisaos of indiadual Amnesic Pavgents

Age Liducanon WMSR Recaguuion

/ atenis (YO tnology (rears) (vears) 1Q oM ATN Dy wD ¥
Ml - Ancuvsm 60 13 100 =6 R9 62 42 43
IR u Ancunsm ss ! 12 103 03 109 62 14 n
A\ * Ancunsm 29 ° 13 38 57 68 <50 28 43
W N Heaa iy 45 13 104 80 111 358 10 10
KK 4 Head smjury 34 14 99 =2 107 67 44 30
[EN i lincertam 74 12 104 52 100 54 32 20

Vet M) seones ane tutbsaale 1Qs from ihie Wechaler Adult Intethgence Scale-Revised (WAIS-RY WMS-R is the Wechsler Memory Scale-Rewisedd.
soores o ndsces of general menny (G, auenuaon (ATN), and delaved recall (DR) are presented scparately. The WMS-R docs not provide
wores below 300 in me normal population. cach WAMS-R index and the WAIS-R produce a mean of 100 and standard deviation of 15 Recogriton
memone was asessed with the Warningion Recogmtion Test, svhich is 2 test of immediate. tvo-alternauve forced-choice recognition for 50 wonis
AW and 30 Lices (FCr Maximum numbey correct 1s 30, and chance performance 1< 25, Patienis achieved significantlv lower scores than maitched
connols on GM and DR from the WAIS-R, and on the Warrington Recogniton Test. but did not differ significantlv from controls on age, educanon.

o 10 {eL WeNn

memory tisk romect dectsionmy preceded  the explicit
MeMony GsK creeogninony: i our Previous CXperiments
as el as oy mose other studies that have assessed sto-
hastic mdepenucied ool Haviman & Tulving, 1989: Sh-
nuamut 1983 e exphict memory tisk preceded the
imphct memaony sk Dependence between priming and
cexplror memon nas been observed e studies m which
A amphat memony sk dfragment completiony pre-
ceded otorccogmnon sk (Tulving, Schuacter. & Stark.
1982y, bur this Andimg was hikely attnbutable to the fac
that subiccts cecowved an extra exposure o correctiv
completed rems anthe tracment compleaon task Inthe
obpect decsion sk, however, all items recerved the same
s exposure

DISCUSSION

The nuor andime of the present experiment 1s that struc-
tural encoding of novel visual obiects produced @ normat
tialanon meome scuracy of obiedt dectsion perfors
mance by pitnenes with amnesic disorders inract primuine
wis observed desprre impaired performance on an ex-
phiar recogmmon st and the priming effect showed
stochaste independence from recogninion memory The
mdependence or prmunge and exphot memory s alo
s el e b ey anon thar whercas exphicat mem.
ey pottennunec hittorcd morkedly across the three sub.
oot moups e noemitude ot the cffect
renuined consang (Freare )

Thrs patern of vesulis provedes empirical support for
the whca that miphat memory for novel visual objects. as
widdexed by promme on the obyect decision task. i me-
diared by the strucroral deseription svstem, a subsvstem
ot PRS that is spared mamnesic patents. Explicit memory
for the sime obrects. by contrast., appears o depend on
an epsadic dediaratve memory sestem that is damaged

prung

12 lowrnal of Cowniire Neuroscience

in these patients. There is considerable evidence that this
latter svstem can be disrupted by damage 10 hippocam-
nus. diencephalon. or basal forebrain (cf. Butters & Stuss.
19RY. Damasio ot ab. 1983, Squire. 1987 Weiskrant.
1983y It is thus wempting to suggest that the acquisition
of novel structural descripunons of unfamihar objects does
not depend on the integrity of these brain structures. but
this supgeston must be interpreted caunously because
we o not hiave direct evidence concerning the status of
nippocampal or diencephalic structures in our patients.
However, three of our patients did have CT-documented
damave o basal foccbhrain (see subjects sectiony. and
these pauents showed a normal pauern of pnming. An
important task for future studics will be to investigate
obicct deciston priming  in pauents with well-docu-
menicd damagze o hippocampus or diencephalon

It wiil also be important to determine whether normat
priming of novel visual obiects is observed in panents
with the most scvere forms of amnesia. Although our
paucnis cieariv bave sigmificant memory deficis (Table
2y, as a group they performed at above-chance levels on
the ves no recognition test for novel obiects (Table 2y
and on forced-choice recognuion tests for words and
taces (Table 3y Recognition memory s partially pre-
served oy many panenes seth. memaony disorders (e
Hirse et al . 1986). but does not exceed chance fevets i
the most severe aises of amnesia (of. McAndrews et al .
1987 Tulving ct al. 1991: Warrington & Weiskrantz.,
1974 We cannat vet sav whether object decision prnim-
ing is preserved in scvere amnesia, when patients’ rec-
ognition performance is at or close to chance. It is worth
noting. however, that Gabrichi et al. (1990) observed
intact priming of novcl patterns in the severelv amnesic
panent HM. despite ncar chance levels of recogniton
performance..This finding suggests that priming of novel
nonverbal information can occur in the absence of ex-
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pirat memory and s consistent sith the wdea that the
SHUCTUEAE desCripiion syseem piavs 4 major role in prim-
g of novel visual obiects.

Assurming that all or most of the priming effect s
artrtbutable to the structural descripnon svstem. it is im-
portant to understand the funcional properuces 'zmd ncu-
rounatonucl basis of this sestem Consder first studies
that provide mtormanon concernmg the tuncuonal prop-
crnes of the structural deserntion svstem. As noted in
the moroductnon. ncuropsvehological investigations dem-
ot dissoctations betwveen preserved  structural
DEOCCSSINL AN Impaired semanne processing in patients
with virous tvpes of object recognition deficits (Riddoch
& Htumphrevs, 1987 Warningron, 1975, 1982 Warrington
& Tavior. 1978y suggest that the structural description
e aperates at s presemantc level: that is. the svstem
ix not mvolved i processing information about an ab-
edt s assocrive or functional properues. Our studies of
vinedt deasion priming i normal subjects have pro-
vided evidence consistent svith this charactenizanon: Se-
nmuante encoding tisks. whicihv vickded agher devels of
sabat memoens pertormance than dad rae e nane
structural encodme task. cither Eaded to produce 3 cor-
FOSPONCING INcrese e prmimg or did not vieid any
prong at ail escncrer, Cooner. & Delaney, 199 We
huve observed sl paterns of results wun encoding
tasks thar require subgeces to tiank about tuncnons thae
A novel obiear nmght pertorm (Schacter. Cooper, &
Tharan 1990

We have also carrred out experunents ticit alfos us o
begm to characrenze the mature of the stractueal deserip-
reon that s mvoldved e obrect deaision prumaag, (Conper,
sohntcrer Ballesteros & Moore 1990y
mampulated the sze ot arget obyeces betwveen the study
phase and the obrect decision or recogmuion tests: Object

In one study, wve

SETC remamced constne from studv to est i one conds-
non and was chumecd m o the oter conditon We found
drat the magmitudde of the prmune Cttect on oiect deci-
~ion pertormanee was entireny unatfected by the are
NUINTPUEIION — DEENEE SVAs ost s darge m same siee
andd dhtterent size condinons —even tirough recoeniton
MCMenT wis fess aeeurate e ditterent size condition
than m the same size condinon This Andmg suggests
that the representauon that supports object dedision
P does not mchude aze mtorninon —anadea con-
srcent wath pron suceestions that seeactarad descpuons
ab obrcors code onlv reliens Junong component puats
rew Humphoeos & Quimbin, TOSTy Along the sione hines,
westhso found that prinning was not reduced sienificantiv
by studvtest changes m the lett nght onentaton of trget
obieats: Prinung remanned substanual when murvor im-
aue rcflecnions of studicd objects svere presenied on the
obect decrion tisk relitive to svhen the same objects
were preseated whereas recognmion was: signiheantly
fowver i the neror image condition than in the same

fercnt paradigm. sce Bicderman & Cooper. 1989). As
noted carlier. however. obicct deaision priming was not
observed when subjeats performed study tasks that in-
volve encoding informauon about the local parts of an
object: priming was onlv observed following study tasks
that focus on global object structure (Schacter, Cooper.
& Dcelaney. 1990y

The foregotng observanons indicate that the structural
description that underlies obicct decision priming is an
abstract. rather than literal. representation that preserves
global structural information and remains invariant over
changes in size and reflection We assume that object
decision priming would cxhibit these same properties
in amnesic patients, and we plan to test this assumption
in future studies. If the assumption is correct, then our
dara suggest that amnesic paticnts can establish size and
reflection invariant structurat descriptions of novel ob-
jects that preserve informaton about global stucture.

Whereas our expenimental data allow us (ost\cvclop a
preliminary sketch of the properties of the system that
underiic obicct decision prinung. we have no direct ev-
wience concermng the neuroanatomical basis of thus svs.
rem. Nevertheless. the funcnonat properties tnat sve have
deltneated provide suggesuve clues concerning the brain
stuctures that mav be involved  As pointed out by Plaut
and Farah (19901 1n a recent review, evidence from both
human and anmal stadhies indhicates that regions of in-
ferior wemporal cortex plav a maor role in representation
of visual obiects Morcover. manv of the properues of
these ovject representations are quite compauble with
the properues of obyect priming noted carher Inferior
remparal regtons appear wo beinvolved i represenuing
vlobal aspects of object structure independently of the
reunal size of the object or its left right onientation (Plaut
& Farah. 1990 Thus. obyect dectsion priming mav re-
fect. at teast in pan, the establishment of a novel struc-
tural descripnon of an object in the inferior temporal
reqion. Consistent with this suggesuon. neither our pa-
HCNES NOr amncesic patients in eeneral exhibi olnect pro-
cessing deficits of the kind associated  with inferior
remporal damage. Indeed. magneuc resonance imaging
MR cvidence indicates that the measured area of the
temporal Jobes does not differ in amnesic paaents and
control subjccts. whereas the arca of the happocampal
formanon v muarkediv oveduccd i amnesws (Press,
Antaral. & Squire. 1989, and temporal neocortex s re-
ported 1o have been spared in panent HM (¢ ¢ Gabrich
ot al . 19900 Scovidle ¢t al.. 1953y Accordinuly, it scems
plausible to suggest that infernor temporal regions could
be involved in priming of novet visual objects m amnesic
patients. In addition, priming of visual obiccts mav also
involve areas of extrastnate occiprial cortex and parictal
cortex (cf. Gabricli et al.. 1990 Schacter. 1990 Schacter.
Rapscak. et al. 1990 Warrington. 1982)

Whatcver the exact nature of the structural description

obyect condion (for sumilar prinmng results with a dif- svstem that supports obicct decision priming. our results ws
REG
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e

S e CRCHEIV TLE patients ot expner memory dehets
Can ShOW ILct proing o novel informanon tiat does
NOELIVC S preesising memory representatton. Although
s sdelv accepred thar anmesi¢ panents show itact
P for i rems that have preexisting memory
répreseniinons (e g, kimiliar svords), evidence for prim-
me of novelh mrormnon is mixed  For exampie. evidence
tow primmg of nonwords (¢ [N ﬂl;” mn :lmncéu‘ naacnts
was enther ansent or reduced i stadies with Korsakoff
panents (Cormak ¢t al. 1985 Smith & Oscar-Berman,
1990y However, these patents tvpecally have cognitive
dlehcirs that are not observed in other amnesic patients
cof Maves. 1988 Squire. 1987). Svonger evidence for
primng of nonwords on a pereeptual dentificaton task
hus been obsarved in two non-Korsakoff panents with
severe amnesta UM (Gabrieli & Keane. 1988) and the
cncephabine paaent 8§ (Cermak. Blackford. O Connor.
& Blewh 1358 seealso Gordon, 1988 for a rather more
compiex patern of resuly Inaddbtion, there is evidence
ton et prinnng o nonwords i HMNesic Dilllcn!.\' whcn
aomensure ob readmg speed s used as an imphar mem-
v Lisk OMusen XoSqguire. 100

Promune of novel mtormaien nos Hso peen exdmined
Y Ahenes li]‘ll DLve U\L'(‘ Aoanangim aeveloped Ny K}IZ”
o Sebucter VOSSO eXannne WRCIner amnesie -
DS SHOW prpmimg H{ NCW a0 nhions on 4 sem ¢om-
DICBon fasi atery stadving o histoon unrclaten parred
ISNOCGHOS (02, Hiedoie —1eaony On e one hiand, sev-
cutl experienis Rave shown meact prnung of new as-
socnons e pagens weh relanveny ould memony
thisorders 1Grat & Schacrer, 1983 Muter Howard, How-
avd, & Wiges, 1990 Schacter & Gral, 1986by and in ar
least one severely amneste patent cCermak. Blackford.
O Connor. & Bleidh, 1988 On the other hand. i number
of experments have reported reduced or absent priming
ol new assoctnmons e severely aimnesie patients (Cer-
nuak. Bleich, & Bluckford. 1988 Schacter & Grat. 1986b.
Shimamura & Squire. 1999 Invesugators who have as-
cessed primimg of new assocattions warh other implicit
memory paradiems have reporeed both posiive nndings
Aoscovitch e a2l 1980y and neeative sndimes (Tulving
cial 199N Finaldlv. an experiment thae assessed eriming
o novelh imtormanon waith prraciem InvoNINg interpre:
anon of amibguous sentences eportea evidence tor
sonne but et normual prming inopanents with severe
vacmony dlesonciers Mo ndeews e gl 1087

ACocmor ser specithe reasans why o the evidence tog
st gl e clhaantoronaton s mexed modhwe loge-
vomne studhos wlnch used vernah imarerds ver s tobuast
1y the present expenmment and i the study by Gabrich
b el winch osed nonverbal maerstds Although
itos pessibte thar the verbad nonverbal nature of the
sroct gems phaved <ome role addinonal differences in
s Lsks nvpe of nareet materits, est rCQUIrCIMCIsS,
andd panient popabanons make e difficuit o draw nem

often involve some deerce of semantc  processing.
whereas the paradigms that are used to assess priming
of novel nonverhal informaton appear o relv almost
entircly on perceptuilstructural processing. Thus, for
example. it has been shown that priming of new asso-
ciations in the Graf and Schacter paradigm requires some
degree of semannce study processing (Graf & Schacrer.
1985; Schacter & Graf, 19564y, and that the ambiguous
sentences paradigm used by McAndrews ¢t al. (1987)
relies heavily on semantic interpretive processes (Auble
& Franks. 1979) By contrast, there is cvidence that sc-
mantic processing is not required for olnect decision
priming (Schacter. Cooper. & Delaney, 1990; Schacter.
Cooper. & Tharan. 1991 or priming of novel dot patterns
(Muscn. 1990)

In view of the foregoing considerations. we suggest
that priming of novel verbal information is sometimes
impaired in patcnts with memoey disorders because
such pruming may require the acquisition of semantic/
associauve information and hence involves processes
outside of PRS: priming of novel nonverbal information.
at least as assessed by obiect decision and dot completion
rasks. does nar appeusr to nvolve processes outside of
PRSIt v possibie that the acauisition of novel semantic
informanon depends on some of the same processes and
structurces that are involved in the acquisition of novel
eprsochic informanon —processes and structures that are
tvpucally damaged in panents with memory disorders (cf
Gabrich. Cohen. & Corkin, 1988: Schacter, 19874 Squirc.
1987, Tulving ¢t al. 1991 These ideas are somewhat
speculanve and do not account for alt pertnent obser-
vattons, but thev are gencerally consistent with the exper-
wnentl facts and can be tested in future research

Finallv, we should note that our account. which de-
pends cruciallv on the postulation of multiple memory
systems. represents just one approach to the paueens of
dara that we have observed. A number of investigators
have argued that dissociations berween priming and ex-
plicit memory can be explained without postulaung dif-
rerent memory svstems (¢f lacobvy. 1983; Roediger. 1990
Moscovitch et al . 198G: Roediger & Blaxton, 1987). Al-
rhougn such approaches can accommodate many results
that have been opserved in studies with normal subjects.
thev have not provided compeliing accounts of preserved
priming cffecrs 1in amneset (¢ . Schacter. 1987h. 1990.
Haviman & Tulving, 1989, Tulving ct al, 1991 It is not
clear just hose o unity men.ore svstem theorv would
explam preserved primang of novel objects in amnesic
paucents, but no doubr some sort of explanation could
be formulatedl The important point to stress is that our
view provides e straightforward account of relevant ind-
ings with amnesic patents. firs well with the data con-
cerning the characteristics of obiect decision priming in
normal subjects (Cooper et al. 1990: Schacter. Cooper,
& Deluncey, 1990, Schucter. Cooper. Delaney. Peterson, &

conclusons regardimg this isue Inaddinon. the para- Tharan. 1991ar. and receives support from semanuc: s
chigms it are used o studv prming of new associatons stuctural dissQcianons that have been observed in pa- REG
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aents with omect recogminon dehens (Bauer & Rubens.
1083 flumpnrevs & Riddoch, 1987 Warrington. 1975,
1982y, The avadabilite of such converging evidence from
mdependent lines of rescarch suggests that theorizing in
werms of multipte memory svstems represents a useful
;mpr(‘gach to understanding dissociations betsveen im-

plicit and explicit memory
’

METHOD
Subjects

<X panients. three nules and theee remales, parucipated
i the expermmient Three panents developed memory
disorders as o result of ruptured ancurvsms. Patient DL
a of-vear-ohd female. and patent HB . a 35-vear-old male.
cach suttered ruptored ancurvsms of the anterior com-
municatng ey in 1988 CT oscans revealed that D H.
had sustimced damage to basal forebran and left mesial
orbuofrontd tobe. svhile H B. sustained damage o basal
torchram. nght mesial orbofrontad cortex. as well as
mbection at the head ot dhe rehu caudate nucteus. Patient
PN G 29-vear-old nude: experienced ruptured ancurvsm
of the anicnor commumicating aetery 1980, CT scan
<howed damaee o the basal forebean and in addition
showed fett mesial frontl intarction in the distribution
ot the anterter cereheal artery Pauent WC., g +5-vear-old
autbe, had surfered a dosed head imuirv in 1983 and an
epepne sezare mo 1988 An MRI scan was performed
on rhas panent i 1988 and revealed signtheant damage
o the left frontal fobe and left temporal lobe  Patient
K.K. is 2 34-vear-old female who recerved a severe closed
head injury in a motor vehele accident i 1976 and
renuined comatose for 10 weeks. Patient FK o is a 74-
vear-old femade svho was referred 1o the Memone Dis-
orders Clime at the Umiversite of Anzona Health Saiences
Conter because her hushand had observed o rather sud-
den and marked derenioranon of memory abidines about
o weeks coner The results of a0 thorough neuropsy-
holowcat cvduation were not consistent withy a diag-
nosis of pramev degencrianve dementin, but dia nog vacld
JGoeernnn dognoses

The panenes men g was 30 vears and they had on
average 12 vears of cducatnton Their overall level of
miceHectual tunconon svas e the normeld range. as indi-
cated byeoaomean 1 of 1060 on the Weehsler Aduolr Intet-
hoonee Sode-Revesed Mean scores on the Wechster
Memony scale-Revised 0WMS-Ry reveaded pertormance
levels well beiowe the mean of 100 observed in the nor-
mal populanon on mdices of general memory (73), in-
cluding the separate mdices of visual memory (82) and
verbal memoeny (733 that combine o torm  the general
memory index. and dekved recall (39). Performance on
the atentton mdex (97 sas wathin normal limats. Pa-
tents tha pertormed poorly on the Warrmgton Recog-
MUOD MEMONT test recogmzing  on - average  38/50
previoushy studhed words and 38/50 previously studied

faces on an immediate test. Data concerning the main
characteristics of individual paticnts are presented in
Table 3

The matched control group consisted of five females
and onc male. ¢ tests indicated that these subijects did
not differ significantlv from paticnts with respect to mean
age (51 vears), cducational level (14 years), or WAIS-R
1Q (108). Control subiccts showed much higher levels
of performance than paticnts on the general memory
(121), verbal memory (114). visual memory (128), and
delaved recall (117) indices of the WMS-R (all 1s{10} >
5.09. p < 001y controls also scored higher (115) than
did patients on the atention index. 1 = 1.94. p < 05. In
addition. controt subjects scored significanty higher than
paticnts on the Warnington Recognition Test (¢ = 3.97,
p < 01), recognizing on average 49/50 words and 45/50
faccs.

In addition to the patent group and the matched con-
trols. six University of Arizona undergraduates (three
males and three females) took part in the main experi-
ment. Patients and controls subiccts were paid $10.00 for
thetr participanon: college ctudents participated in ex-
change tor course credius

Materials

The critical materials were 20 nossible and 20 impossible
obiects that have been used and described by Schacter.
Cooper. Delanev. Peterson. & Tharan (1991); represen-
auve objects are shown in Figure 1 The obiects were
selected by Schacter et al. on the basis of two criteria:
1y when subiects were given unlimited time to decide
whether abiects are possible or impossible. there was
near perfect agreement about the possible/impossible
nature of each ohject (mean percent agreement across
20 subjects was 99% for both possible and impossible
obiects): (2) when subjects were given brief (ic., 100
mseC) exposures to cach olnect. obiect decision accuracy
as low (about 35-60% correct for possible and impos-
sible abiccts). terchy allowine room for rriming to be
abserved

The materis were divided randomiv into two sets. A
and B. that cacn contins 10 possible and 10 impossible
obiects. Each subiect studied either Set A or Set B and
wias subsequentiv tested on both sets. The objects were
presented for study and test by a Compaq 386 Deskpro
compuier on the screen of 2 12 inch Princeton Ultrasvne
Monitor: they subtended @ mean visual angle of 8° when
viewed from 60 ¢m. Drawings of obiects were presented
1in medium resolution and appeared white against a uni-
form dark grav background

Design and Procedure

The main experunent consisted of four variables: Subiect
Group (amncsic paticnts. matched controls. and student
controls). Item Tape (studied vs. nonstudicd). Object
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decrsion v orecngmioon)y The experiment wias com-
pletelv counterbabaneed such that obyects from Set A and
et Boappeared equaiiv often as studied and nonstudicd
abyects tor cacr of the three subject groups.
For g fsubijcct. the experimental sescion consisted
“of a4 sespuence of three main phases: tefe right encoding
tisk. obyect decston testsand vesmao recognition tesg. For
the et riehr encoding wisk, cach obieet was exposed for
2 s on the computer montor. preceded by a Akation
pome Subyecrs svere msoructed thar o series of drawings
would be shown on the computer screen and that their
task was o derermine shether cach object appeared to
be facmg pramartv o the left or w the right. They were
told that the drawings are not as simple as they might
appear. so that they should use the full § sec to inspect
cach objear carefully: The task began with presentation
of five pracnce items, followed by presentation of the 10
possible and 10 impossible target items in random order.
The trget wems were then presented again for 5 sec
cich and subyects made lefuright pcdgments in the same
numncer A previous experiment has shown that the num-
her of studv st repentions does not aftect the magnnudce
ot prinung on the obneet deasion tsk (Schacter, Cooper.
Debaney, Pererson. & Tharan, 1991, Experiment 1)
subyects were men aiven the obrect decrsion ese In
proevious studes sath college students, 2 100 msec ox-
posure e has been used: However, priot stadiies wth
clderiv subrecrs indbcased that basehine performance on
the obycct deciston sk s losver o old subyects than in
voung subyecrs when both e rested sty 100 misee
exposures Smee bathy the patient group and the marched
controls were older man the student controls e this
eaperment we used diferent Cxposure rates i an -
rempt o cgeite baschine levels of obyect decision per-
tormance 230 misee for panents nd matched controls.
anel 30 misec tor student comtrols Presentation of cach
abyect was rmmedniels followved by a darkened screen
The datr w Table 1T mdicate thar we were largelv suc-
cosstul o marchme overall levels of basehine perfor-
munce
Subyecrs were msunuceed thae they would be exposced
oz sertes of drasvings e svould be Hashed very quickiv.
andd thar they would deade whether cach figure could
scnntdly exise mothe reai workd, They were informed that
some drawvmgs represent valid, possible three-dimen-
" Gional abrears that could exist in the real world whereas
others represent npossible figures that could not exist
As three-chmenstonal obiects ain the ceal world. and thae
then sk was 1o decde shether cach figure is possible
or impossible: several examples of possible and impos-
sihle obyects tnone trom the trget sen were then shown
rosubnects Thev were mstrucred that all possible abjects
must have volume md be sohid, tae every plane on the
chrasvinge represenes o osurkee of the obgect, thae all sur-
Lces can bace mondv one direcoon, and thar every line
s the dnvmg necossaniv represents an edge on e

10N Joreinal of Coimntire Nenrosaence

answered ques-

. O N
in ¢xample obiects to the subyects and
tions as necded

Matched controls and student controls responded with
a PC mouse that they controlied with their right hand:
they were told to press the left key when thev thought
that an objcct was possible and the right kev when they
thought that un object was impossible. Patients re-
sponded verbally in order to climinate the possibility
that thev would forger which kev to press. Administration
of instructions took about 2 min, and subjects were re-
minded of task instructions thoughout test performance.

Ten practice items. five that had appeared on the study
list and five that had not. were then presented at the
appropriate cxposure rate for each group. These draw-
ings were fellowed in an uninterrupted sequence by the
20 studicd and 20 nonstudied critical items, presented
in a randomly determined order. Exposure of each test
item was preceded by the appearance of a fixation point
in the middle of the monitor. Amngesic patients told the
experimenter “ready” when they were looking at the
fixation point and the experimenter pressed the appro-
pnatc button to initiate the trial; matched controls and
student controls imuated the trial bv pressing the center
butpn on the mouse

Immediately tollowing the conclusion of the obiect de-
ciston sk, subjects were instructed for the recognition
rask Thev were told that they would be ~wown a further
series of dravings, some of which had been presented
when they made lefuright judgments and some of which
had not been presented during the lefuright task. Sub-
jects were told o make a “ves” response when thev
remembered seemg a drawing during the Iefuright task
and 10 make a o’ response when thev did not remem-
ber scaing a drawing during the lefurighe wask.

The same 10 practice items that were used on the
obiect deciston task were presented initially on the rec-
ognition test. followed by 20 studied and 20 nonswdied
target figures. Drawings remained on the screen for $
scc. and subirects were instructed to respond before the
obicct chsappeared from the screen. Patients indicated
their ves.no response verballv, whereas control subiects
presscd the left kev 1o indicate a “ves™ responsc and the
right kev to mdicate a "no” response

After conclusion of testing, subjects were debriefed
concerning the nature of the experiment.
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Memory for transformed objects

Abstract

Two experiments explore the nature of the mental representations
of unfamiliar, three-dimensional objects underlying performance on
implicit and explicit tests of memory. In both experiments, subjects
studied depictions of objects under conditions designed to encourage the
encoding of global structure. Implicit memory was assessed by an object
decision task, in which briefly presented drawings of test objects were
classified as to their structural possibility or impossibility. Explicit
memory was assessed by a surprise recognition test. The principal
experimental manipulation was the relationship between the sizes
(Experiment 1) or the left/right parities (Experiment 2) of the studied and
tested objects. In both experiments, priming of performance on the object
decision task was observed; and, priming remained substantial despite
study-to-test transformations of size or reflection. Recognition memory,
in contrast, was significantly impaired by both the size and reflection
transformations. These results support the notion that distinct
representational systems mediate priming and recognition -- a pre-
semantic structural description system that constructs representations of
objects invariant over size and reflection, and an episodic system that
encodes these transformations as properties of an object's distinctive

representation in memory.
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A phenomenon of considerable theoretical importance and vigorous
experimental investigation is the dissociation between performance on
explicit and implicit tests of memory. Explicit tests typically require
conscious recall or recognition of previously presented material, while on
implicit tests the effects of such material are demonstrated without
requiring the conscious recollection of a specific study episode (e.g., Graf &
Schacter, 1985; Schacter, 1987). Implicit effects are generally inferred
from performance facilitation in the form of priming, in which the
beneficial influence of exposure to a particular stimulus is manifested in
the absence of explicit instructions to remember the stimulus (e.g., Cofer,
1967; Tulving & Schacter, 1990). One source of evidence for the
dissociation between implicit and explicit forms of remembering comes
from laboratory studies with intact, adult subjects, in which a variety of
experimental manipulations produce differential or even opposite effects
on performance on implicit and explicit tasks (for reviews, see
Richardson-Klavehn & Bjork, 1988; Schacter, 1987). Another source of
evidence comes from reports of essentially normal priming effects in
amnesic patients who exhibit severely impaired explicit memory (e.g.,
Cermak. Talbot, Chandler, & Wolbarst, 1985; Gabrieli, Milberg, Keane, &
Corkin. 1990; Graf, Squire, & Mandler, 1984; Jacoby & Witherspoon, 1982:
Moscovitch, 1982; Schacter, 1985; Schacter & Graf, 1986: Shimamura &
Squire. 1984; Warrington & Weiskrantz, 1968, 1974; for a review, see
Shimamura, 1986).

Two primary theoretical interpretations of dissociations between
performance on implicit and explicit memory tasks and of priming effects

themselves have been advanced. One view, which we favor, holds that
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dissociations between priming and performance on explicit tasks reveal
the operation of separable underlying memory systems (cf., Gabrieli et al.,
1990; Hayman & Tulving, 1989; Squire, 1987; Schacter, 1987). In
particular, Schacter and his associates (Schacter, 1990; Schacter et al.,
1990a, 1990b; Tulving & Schacter, 1990) have proposed that priming on
implicit tests of memory is mediated by a pre-semantic perceptual
representation system. An alternative, though not mutually exclusive,
theoretical account holds that dissociations between priming and explicit
memory are attributable to different processes operating within a single
memory system (e.g., Jacoby, 1983; Mandler, 1985, 1988; Roediger,
Weldon, & Challis, 1989).

One versirn of this latter account proposes that the principle of
transfer-appropriate processing (Morris, Bransford, & Franks, 1977) can
serve as a basis for understanding dissociations between performance on
implicit and explicit tasks (e.g., Roediger & Blaxton, 1987; Roediger et al.,
1989). The general idea is that performance on a memory test is related
to the degree to which the processing operations by which an item was
initially encoded are reinstated at the time of test; and, most implicit tests
of memory rely strongly on perceptual processing while explicit tests
require more semantic or conceptual processing. Evidence supporting this
proposal comes from the reported specificity of priming effects to
conditions in which the modality and other surface characteristics of
study and test items are congruent (e.g., Graf, Shimamura, & Squire, 1985;
Jacoby & Dallas, 1981; Roediger & Blaxton, 1987).

While most of the research on dissociations between implicit and
explicit tests of memory have used verbal materials as stimuli, a number

of studies of priming of familiar and unfamiliar nonverbal stimuli have
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recently been reported (e.g., Bentin & Moscovitch, 1988; Biederman &
Cooper, 1990, in press, a, in press, b; Durso & Johnson, 1979; Gabrieli et al.,
1990; Jacoby, Baker, & Brooks, 1989; Kersteen-Tucker, 1991; Kroll &
Potter, 1984; Mitchell & Brown, 1988; Musen & Treisman, 1990;
Warrington & Weiskrantz, 1968; Weldon & Roediger, 1987; for a review,
see Schacter, Delaney, & Merikle, 1990). Of particular relevance to the
present experiments are a series of studies described by Schacter, Cooper,
& Delaney (1990a) and Schacter, Cooper, Delaney, Peterson, & Tharan
(1991). The stimuli in these experiments were line drawings of
unfamiliar, three-dimensional objects. While all of the drawings depicted
novel, meaningless objects :nat did not have pre-existing representations
in memory, only half of the objects were possible -- in the sense of
corresponding to structures whose surfaces were arranged such that they
could exist in the three-dimensional world. The other half of the
drawings depicted impossible struciures whose surfaces and edges
contained local violations and ambiguities that made it impossible for
them to exist as actu~' three-dimensional objects (cf., Draper, 1978;
Penrose & Penrose, 1958).

The purpose of the Schacter et al. (1990a, 1991a) experiments was
to assess the relationship bectween performance on implicit and explicit
tests of memory for these unfamiliar, three-dimensional objects, as a
function of a variety of different conditions of encoding. Explicit memory
was evaluated by performance on a standard "yes/no" recognition test;
implicit memory was assessed by performance on a version of an object
decision task (cf., Kroll & Potter, 1984). Specifically, following study of
half of the objects, subjects were required to indicate whether individual

objects prescnted for 100 ms were possible or impossible. Facilitation of

5.\
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performance on previously studied -- compared with nonstudied --
objects constitutes evidence for implicit memory or priming on this object
decision task.

Several key findings reported by Schacter et al. (1990a; 1991a) are
directly relevant to the present experiments. First, significant priming
was obtained on the object decision task, but ouly following study tasks
that required the encoding of information about the global three-
dimensional structure of individual objects. The "structural” encoding
task that produced the most robust object decision priming required
subjects to determine whether each object presented for study faced
primarily to the left or to the right. Study conditions involving semantic
or elaborative analysis (i.e., requiring subjects to think of a familiar object
that each depicted structure reminded them of), as well as conditions
involving the encoding of local visual features (i.e., requiring subjects to
determine whether each drawing contained more horizontal than vertical
lines), failed to produce any significant priming of performance on the
object decision task. Second, priming -- when observed -- was always
confined to structurally possible versions of the test objects. Priming for
impossibile objects was not observed under any conditions, despite
modifications of instructions emphasizing "impossible" over "possible”
responses, minor changes in the nature of the stimulus materials, and
manipuiations of the number, quality, and duration of exposures to items
on the study list (Schacter et al., 1991a). Finally, marked dissociations
between performance on implicit (object decision) and explicit
(recognition) tests of memory for these unfamiliar, three-dimensional
objects were obtained. Study manipulations designed to enhance the

distinctiveness of an object's encoding in memory (e.g., requiring semantic
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elaboration of each studied object, Schacter et al., 1990a, Experiment 2;
repeating presentation of objects on the study list tour times, Schacter et
al., 1991a, Experiment 1) produced significant enhancement of recognition
performance, but either no priming or no change in the magnitude of
priming compared with a single-exposure study condition.

The pattern of results summarized above led Schacter et al. (1990a,
1990b; Schacter et al., 1991a) to argue that priming on the object decision
task is supported by a mental representation of the three-dimensional
relations that define the structure of an object. Furthermore, the memory
system that encodes and represents this structural description of an
object is functionally separable trom the episodic system that supports
performance on explicit tests of memory. This latter system is supported
by various sources of information about object properties -- including
semantic, associative, and functional information -- as well as information
about local visual features. The structural description system (cf., Riddoch
& Humphreys, 1987), in conast, is pre-semantic, specialized for
representing global information about visual form and object structure,
and part of a more general perceptual representation system (Schacter,
1990: Schacter, Rapcsak, Rubens, Tharan, & Laguna, 1990; Tulving &
Schacter. 1990).

This theoretical framework provides a coherent account of the
central findings from the Schacter et al. (1990a; Schacter et al.,1991a)
experiments described above. In particular, the hypothesis of a separable
structural description system is consistent with the Schacter et al. (1990a)
findings that (a) priming on the object decision task was only obtained
following study tasks requiring structural (left/right) encoding, and (b)

priming of judgments of impossibility was never observed. Presumably,
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this latter finding reflects computational constraints on the structural
description system; impossible objects, by definition, cannot be modeled
by an internal representation of global relations among components of
objects in the three-dimensional world (cf., Schacter et al., 1991a).
Finally, we have also found that brain-damaged patients with episodic
memory deficits show intact priming on the object decision task
(Schacter, Cooper, Tharan, & Rubens, 1991).

Converging evidence for a system for the representation of
information about global structural relations -- that is distinct from the
representational system for semantic, associative information -- comes
from research in cognitive and clinical neuropsychology on forms of visual
object agnosia (for a review, see Farah, 1990). Most suggestive from the
present perspective are reports of patients with intact access to
knowledge about the structure of objects, but with serious impairment in
access to information about their semantic and functional properties (e.g.,
Riddoch & Humphreys, 1987; Warrington, 1982; Warrington & Taylor,
1978). Other patients apparently exhibit a complementary pattern of
selective deficits, with impairment in the specific ability to represent the
global structure of visual objects (e.g., Ratcliff & Newcombe, 1982). The
similarity of these reports to the pattern of laboratory-induced
dissociations between access to structural and semantic representations of
visual objects (Schacter et al., 1990a; Schacter et al., 1991a) provides
converging support for the notion of a system for the representation of
structural descriptions of objects, underlying priming on the object

decision task, that is distinct from the eposidic system mediating explicit

recognition.




Memory for transformed objects

The aim of the experiments reported here is to explore in more
detail the nature of the proposed structural description system. In so
doing, we seek to unite theoretical issues and experimental techniques in
the area of memory with general considerations about the processes and
representations underlying object perception and recognition. Like others
(e.g., Biederman, 1987; Marr, 1982; Marr & Nishihara, 1978; Palmer, 1975;
Reed, 1974; Sutherland, 1973), we view the computation of a
representation of the structural relations among components of an object
as a primary function of higher-level vision. Our objective is to pose
questions about the nature of the information embodied in such structural
descriptions of objects that may be investigated independently of
questions concerning the precise characterization of the components or
primitive units, e.g., elementary visual features (Sutherland, 1968),
generalized cones (Marr, 1982; Marr & Nishihara, 1978), or geons
(Biederman, 1987), among which structural relations are computed.

Our general research strategy uses the experimental paradigm
introduced by Schacter et al. (1990a) as a tool for exploring the nature of
the information embodied in structural description representations --
hypothesized to mediate object decision priming -- of unfamiliar, three-
dimensional objects. One simplified view of the nature of such structural
descriptions might hold that only information concerning relations among
component units is preserved in the underlying mental representations.
Under this view, it would follow that aspects of visual information
irrelevant to the coding of such global relations among components should
not be represented in or accessible from structural descriptions of objects.
If, by hypothesis, structural description representations of this kind

support priming on the object decision task, then variation in information
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concerning properties like object size or overall reflectance -- which do
not contribute to the representation of global structure -- should be
unrelated to performance on the object decision task. Variation in other
forms of information that might serve to enhance or to reveal certain
relations while obscuring others (e.g., occlusion of intersections, depicted
three-dimensional orientation), could contribute to the representation of
global structure and, as a consequence, affect object decision performance.
The experiments reported below were designed to examine whether
certain forms of information are preserved in structural representations
of objects by asking whether study-to-test changes in those types of
information affect object decision, compared with explicit recognition,
performance. The logic of our experimental approach is as follows: To the
extent that study-to-test changes eliminate or significantly reduce the
magnitude of obtained priming or recognition effects, we can conclude
that the representational system accessed by the relevant memory task
does preserve the type of information being changed.  However, if
obtained priming or recognition effects persist despite study-to-test
changes in certain forms of information about objects, then we can
conclude that the representational system being accessed by the relevant
memory test is not sensitive to the type of information undergoing
change. In Experiment 1, the effects of introducing study-to-test changes
in object size on implicit and explicit tests of memory are assessed.
Experiment 2 examines the effects of overall reflection on both object

decision and recognition tasks.
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Experiment 1

Retinal size is a characteristic property of an object that is useful for
recognition. In particular, differences in the absolute sizes of objects
viewed at the same distance might function as an important source of
information for discriminating among them. However, there is little
reason to expect on logical grounds that size should be a property encoded
in the structural description of an object. Indeed, if a structural
description represents only global relations among the components of an
object, then invariance over changing retinal size should enhance the
generality of such representations. One source of evidence consistent with
these logical considerations comes from studies of the neuroanotomical
basis of visual object processing (for a recent review and discussion, see
Plaut & Farah, 1990). Both behavioral evidence from monkeys with
localized lesions (e.g., Ungerleider, Ganz, & Pribram, 1969) and
electrophysiological evidence from the response properties of single cells
(e.g., Desimone, Albright, Gross, & Bruce, 1984; Perrett, Rolls, & Caan,
1982; Perrett, Smith, Potter, Mistlin, Head, Milner, & Jeeves, 1985; Rolls &
Baylis, 1986; Sato, Kawamura, & Iwai, 1980; Schwartz, Desimone, Albright,
& Gross, 1983) indicate that regions of the inferior temporal cortex play a
central role in the size-invariant representation of the structure or shape
of visual objects.

Accordingly, we reasoned that size would most likely not be
represented in the structural description of an unfamiliar, three-
dimensional object. Thus, we predicted that priming on the

"possible/impossible” object decision task should be relatively unaffected
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by study-to-test variations in size. In contrast, we expected explicit
recognition to suffer as a result of the size manipulation. This is because
size seems to be a characteristic property that could enhance the
distinctiveness of an object's representation in memory; hence, it is likely
to be a useful form of information for the episodic system to encode.
Consistent with this idea, research by other investigators (e.g., Jolicoeur,
1987; Jolicoeur & Besner, 1987) provides an empirical basis for predicting
that study-to-test changes in the size of target objects should impair

recognition performance.

Method

Subjects. The 96 subjects were undergraduate students at Columbia
University who participated in the experiment for either course credit or
payment of $5.00. Subjects were randomly assigned to the experimental
conditions described below.

Stimuli. The experimental materials were line drawings of 40
unfamiliar, three-dimensional objects similar to those displayed in Figure
1. Twenty of the objects were possible, in that they depicted structures
that could exist in the three-dimensional world. Twenty of the objects
were impossible, in that they contained edge and surface ambiguities
resulting in structures that could not physically exist as three-dimensional
objects. Eighteen of the 20 possible objects were taken from the set of
materials described and used in the experiments reported by Schacter et
al,, 1990a. The remaining 2 possible objects were drawn from the set
used by Schacter et al.,, 1991a. (This substitution was necessary because 2
of the 20 objects originally used by Schacter et al., 1990a, contained

curved contours; curves are difficult to render on the computer graphics
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system used to display the stimuli in the present experiment.) All 20 of
the impossible objects were taken from the materials used by Schacter et
al,, 1991a. It should be noted that all stimuli had previously met the
following criteria for inclusion in the experimental set (described more
fully in Schacter et al., 1990a; Schacter et al., 1991a): (a) Average inter-
subject agreement as to the objects' possibility or impossibility was 95%
or greater in a pilot study using unlimited exposure durations, and (b)
Baseline performance from an independent group of subjects for
determining whether each object was "possible” or "impossible”, when
displayed for 100 ms, was on average approximately 65%.

An additional baseline study was done to aid in selecting the object
sizes for the present experiment, and to ensure that absolute size was not
systematically related to subjects' abilities to determine, in the absence of
prior study, whether briefly exposed drawings depicted possible or
impossible objects. Twenty students viewed balanced 10-item subsets of
the 40 selected target objects (along with 10 practice objects, 5 possible
and 5 impossible) at each of four sizes: 7.7, 11.5, 15.4, and 19.2 degrees
of visual angle, at a viewing distance of approximately 50 cm. These sizes
represent ratios of 1:1, 1:1.5, 1: 2, and 1: 2.5, moving from the smallest to
the largest object set. The objects were displayed individually on the
monitor of a Silicon Graphics Personal IRIS computer, and they appeared
as white line drawings on a dark surround. Each 100-ms exposure of an
object was preceded by an illuminated fixation cross in the center of the
screen. Subjects were instructed to press the leftmost button on a mouse
if they judged an object to be possible, and the rightmost button to
indicate a judgment of impossibility. Baseline accuracy on this object

decision task ranged from 60% to 80%, and performance was not
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systematically related to stimulus size. Consequently, the most extreme
size ratio of 1: 2.5, corresponding to 7.7 ("small") and 19.2 ("large")
degrees of visual angle, was selected for use in Experiment 1, in order to
maximize sensitivity to effects of this variable. Within each size category,
the 40 target objects were normalized for approximate size by scaling
them to fit within a circular reference frame (cf., Schacter et al., 1991a,
Experiment 4). The top half of Figure 1 displays a possible and an
impossible object in sizes, the ratio of which corresponds to that between

the large and the small sizes used in the present experiment.

-----------------------

Design. The design of the main experiment was a 2 (small vs. large
encoded sizes) x 2 (small vs. large tested sizes) x 2 (object decision vs.
recognition tasks) x 2 (possible vs. impossible object types) x 2 (studied
vs. nonstudied objects) mixed factorial. The first three factors -- Studied
Object Size, Tested Object Size, and Type of Memory Task -- were
between-subjects variables. The last two factors -- Object Type and Item
Type -- were manipulated within subjects. In addition, the 20 possible
and 20 impossible target objects were randomly divided into two subsets,
A and B, each containing 10 possible and 10 impossible objects. The two
subsets were rotated through all experimental conditions, resulting in a
completely counterbalanced design in which each subset appeared equally
often as studied and nonstudied objects in each cell of the main design.

Procedure. Each of the 96 subjects was tested individuaily under

incidental memory conditions. That is, subjects were initially told that the
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experiment concerned the perception of objects; they were not informed
of the subsequent object decision or recognition task until shortly before
it began. Only the "structural" encoding task employed by Schacter et al.
(1990a, Experiments 1 and 2) and Schacter et al. (1991a) was used in all
experimental conditions. Subjects were told that a series of line drawings
would be presented, and that they were to indicate, for each, whether the
depicted object appeared to be facing primarily to the left or to the right.
Subjects were instructed to use the entire 5-sec exposure period to view
each object carefully and make a considered left/right judgment. No
mention was made of the possibility or impossibility of the objects at this
point in the experiment. Five practice items were then presented,
followed by presentation in a random order of 10 possible and 10
impossible objects. In this "study" phase, each object was presented
centered on the screen for 5 sec. Subjects were instructed to press the
rightmost mouse button if the object appeared to be facing to the right,
and the leftmost mouse button if the object appeared to be facing to the
left. Following initial presentation of the study list, each of the 20 objects
was presented again, in a different random order. Half of the subjects
studied objects defined as "small" (7.7 deg), and the other half of the
subjects studied objects defined as "large" (19.2 deg).

Immediately after presentation of the study list and completion of
the "left/right” judgments, subjects proceeded to the test phase of the
experiment. Half of the subjects participated in the object decision task,
and the other half participated in recognition.1 Within each test task, half
of the subjects from each (small vs. large size) encoding group viewed the
test objects (half previously studied and half nonstudied) in the same size

as presented during study; the other half of the subjects viewed the test




Memory for transformed objects 16

objects in a size (small or large) changed from that presented during the
left/right encoding task.

For the subjects who participated in the object decision task,
instructions were administered that explained the difference between
structurally possible and impossible objects, including some examples of
both. Instructions emphasized the importance of looking at the fixation
cross just prior to stimulus presentation, as well as the brief 100-ms
duration of the test objects. Subjects were requested to press the
rightmost button of the mouse if they judged an object to be possible, and
the leftmost button if they determined that the object was impossible.
Trials were self-paced, with each trial beginning when the subject
depressed the middle mouse button. The object decision task began with
presentation of10 practice trials, 5 displaying possible and 5 showing
impossible objects. Immediately following practice, the 40 test objects
were displayed individually. Twenty of the test trials consisted of
possible structures, 20 of impossible ones. Within each possible or
impossible drawing type, half of the objects were structures that had been
viewed previously during the encoding phase, and half had not been seen
before.

Subjects who participated in the surprise "yes/no" recognition task
were informed that they would be presented with a series of objects,
some of which had been shown during the previous left/right task and
some of which were new. Subjects were told to indicate that an object
had been presented before by pressing the rightmost button on the
mouse, and to indicate that an object had not been shown previously by
pressing the leftmost button. Instructions emphasized that the "yes/no”

judgments were to be based solely on the shape of the test objects. Ten
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practice trials, 5 consisting of previously displayed practice items and 5
showing new items, were presented, followed by the 40 test trials. Half of
these trials contained possible objects, half impossible objects, and within
each object type, half of the drawings had been shown during the study
phase and half had never been shown before. For each subject, the
recognition trials were presented in a random order, and each object was
displayed for a maximum of 5 sec, disappearing when the subject made
the "yes/no" response.

At the completion of testing, all subjects were told the purpose of
the experiment, and they were provided with a written description of the

objectives and background of the program of research.

Results

The results of performance on the object decision task and the
recognition task were analyzed and are described separately.

Object decision. Table 1 presents the central results for
performance on the object decision task, expressed as proportion correct
on the "possible/impossible” judgment, as a function of the main
experimental variables -- size of encoded item, size of tested item,

possible/impossible object type, and studied/nonstudied test item status.

Several important features of these data should be noted. First, for
possible objects presented in the same size at encoding and test
(conditions SS and LL), there is substantial facilitation of object decision

performance on studied items compared with nonstudied items. This is
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the usual priming effect (cf., Schacter et al.,, 1990a; Schacter et al., 1991a,
1991b) attributable to structural encoding. The data from the present
experiment indicate that the magnitude of priming is not affected by the
absolute (small or large) size of the studied and tested objects (.12 and
.10, respectively). Second, when possible objects are studied and tested in
different sizes (conditions SL and LS), priming of object decision
judgments continues to be observed. Again, the magnitude of the effect
does not depend strongly on the absolute sizes of the encoded and tested
objects, and the amount of facilitation is even slightly greater when size
relations at study and test are changed than when they remain the same
(for condition SL, magnitude of priming = .19; for LS, priming = .15).
Third, there is no evidence of facilitation of object decision performance
on impossible objects in any of the experimental conditions.

Statistical analyses confirm this description of the central resuits.
Two analyses of variance were performed on the object decision data --
one in which Encoded Size (small vs. large) and Tested Size (small vs.
large) were treated as separate factors, and one collapsing over these
factors, thus producing a single between-subjects factor of Size (same vs.
changed from study to test) as well as the within-subject factors of Object
Type (possible vs. impossible) and Item Type (studied vs. nonstudied).
Since the outcomes of these ANOVAs are entirely consistent, only the
second is reported. The main effect of (studied vs. nonstudied) Item Type
was significant, F (1,44) = 4.75, MSe = .018, p < .035, as was the interaction
between (studied vs. nonstudied) Item Type and (possible vs. impossible)
Object Type, E (1,44) = 26.20, MSe = .017, p < .0001. Importantly, the

main effect of (same vs. changed) Size did not approach statistical
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significance, F (1,44) < 1, nor did this factor enter into any significant
interacticns (all Fs < 1). 2

It is worth noting that the data in Table 1 indicate the presence of
"negative priming"” for impossible objects, or the tendency to respond
more correctly to nonstudied than to studied items. The presence of such
"negative priming" raises the question of response bias in these data -- in
particular, the possibility that priming observed for possible objects may
reflect nothing more than a generalized tendency to respond "possible” to
any object, possible or impossible, viewed at the time of initial encoding
(for extensive discussion of this point, see Schacter et al., 1990a; Schacter
et al,, 1991a). Evidence against this possibility is provided by the
significant main effect of studied vs. nonstudied objects, which indicates
that the overall accuracy of object decision performance was increased by
the study exposure.

To evaluate further the response bias issue, we conducted an
analysis of the strength of association between the variables of Object
Type (possible/impossible) and Responses ("possible"/"impossible”) by
computing the Yule Q statistic, a special case of the gamma correlation for
analyzing association in 2 x 2 contingency tables (see Goodman & Kruskal,
1954; Hayman & Tulving, 1989; Nelson, 1984, 1990). Following the
procedure recommended by Nelson (1984, 1990) and Reynolds (1977), 2
x 2 contingency tables defined by the orthogonal combination of Obiject
Type and Responses were created for each subject, and Q values were
computed separately for studied and nonstudied items. The thrust of this
analysis is to indicate the strength of association (ranging from +1 to -1)
between subjects’ responses and the actual (possible/impossibie) type of

object for each of the experimental conditions. To the extent that priming
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results from an increase in the accuracy of object decision performance as
a consequence of study -- rather than from a general bias to respond
"possible” to all studied items -- then the Q (or, stimulus-response
association) value for studied items should be higher than the Q value for
nonstudied items. For the present data, the Q for studied objects was .65,
for nonstudied objects Q = .54; and, these Q values are significantly
different, t (47) = 2.003, p < .048.

Recognition memory. Table 2 displays the central results for
recognition -- expressed in terms of hits, false alarms, and a corrected
recognition measure of hits minus false alarms -- as a function of the
main experimental variables. These data differ quite clearly from the
object decision data with respect to the effect of the size manipulation on
accuracy of performance. Most importantly, changing the size of test
objects from that initially viewed during encoding (conditions SL and LS)
produced substantial impairment of recognition performance, compared to
conditions in which the study-to-test size relation was preserved (SS and
LL). As Table 2 illustrates, this outcome was obtained for both possible
and impossible objects, and it is apparent in both the hit rate and hits
minus false alarms measures of performance. As in the results for object
decision performance, however, the absolute sizes of encoded and tested
objects has little influence on recognition memory (i.e., condition SS vs. LL
and condition SL vs. LS); rather, it is the relation between studied and

tested object sizes that determines the level of recognition memory.

BRI i I
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Analyses of variance performed on the hit rates and on the hits
minus false alarms corrected recognition measure yielded virtually
identical outcomes, as did ANOVAs with Encoded Size (small vs. large) and
Tested Size (small vs. large) treated as separate factors and with a single
between-subjects factor of Size (same vs. changed from study to test).
Thus, we report only the results of the hits minus false alarms ANOVA
with Size (same vs. changed) as the between-subjects factor. The only
effect in this analysis to achieve statistical significance was the main

effect of (same vs. changed) Size, F (1, 44) = 6.45, MSe = .062, p < .0l.

Dis ion

Several features of the results of Experiment 1 merit special
attention. Some replicate theoretically important findings from earlier
work; others provide new evidence concerning the representation and
retrieval of information about three-dimensional objects. First, significant
priming of object decision performance was obtained for possible objects
under conditions of structural (left/right) encoding. The analyses
reported above indicate that this facilitation is not attributable solely to a
bias to respond "possible” to previously studied items. Thus, we have
replicated one of the central findings of the earlier studies of Schacter et
al. (1990a, 1990b), and have provided yet another demonstration of
implicit memory for unfamiliar, three-dimensional hjects with no pre-
existing representation in memory. Second, no prinuny of object decision
judgments was exhibited for impossible objects under any of the
experimental conditions. This replicates the results of Schacter et al.
(1991a), and provides additional evidence for the notion that object

decision priming, when obtained, is supported by a mental representation
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of the global structure and relations among components of an object. That
is, priming is not observed for impossible objects because of an inability
to represent impossibility at the level of global structure; rather, the
computation of impossibility relies on the detection of local edge and
surface inconsistencies. This conclusion corresponds well with Hochberg's
(1968) finding of the difficulty that subjects experience in integrating
successive views of impossible objects into global structures. Third, we
have demonstrated a marked dissociation between performance on
implicit (object decision) and explicit (recognition) tests of memory. The
presence of this dissociation is consistent with the idea that separable
memory systems mediate the two types of judgments (cf., Schacter, 1990;
Tulving & Schacter, 1990).

The nature of the observed dissociation constitutes our most
important experimental finding. Specifically, the variable of size relation
between studied and tested objects failed to produce an effect on
performance on the object decision task, but it produced a marked effect
on the level of explicit recognition memory. The lefthand section of Figure
2 provides a graphic summary of the differential effects of the study-to-
test size relation variable on performance on the implicit (object decision,
top panel) and the explicit (recognition, bottom panel) memory tasks. The
generally high level and invariance of priming on the object decision task,
for both same and changed size relations, provide compelling evidence
that the structural description representations that support facilitation of
implicit memory for unfamiliar, three-dimensional objects do not
incorporate information concerning retinal size. The representational

system underlying recognition, however, does appear sensitive to size, in
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that changing the relationship between studied and tested object sizes

produces a sharp decline in recognition performance.

B A P R I

-----------------------

These results and interpretations make good sense on logical
grounds, and they correspond nicely to the findings of other investigators
using experimental materials and tasks quite different from our own.
Specifically, Biederman & Cooper (1990) have recently reported an
invariance of priming effects over changes in object size. Their paradigm
used a repetition priming procedure, pictures of familiar objects as
stimuli, and latency for object naming as the principal and most sensitive
dependent measure. The consistency of these investigators' results with
those of the present Experiment 1 -- which used an implicit memory task
arguably closer to the level of "perceptual” or "visual" representation than
the name identification task of Biederman & Cooper (1990) -- lends strong
support to the claim that the structural description representations
underlying priming do not incorporate information concerning object size.

The recognition results displayed in Table 2 and Figure 2 (bottom
panel, lefthand side) can also be related to the findings of other
researchers. Jolicoeur (1987) has documented an impairment in
recognition memory for drawings of unfamiliar objects under conditions
of study-to-test size variation; and, in a recognition version of their
object-naming experiment, Biederman & Cooper (1990) found that size
change caused a deterioration in both speed and accuracy of recognition.

Similarly, the general finding in the literature on “"same-different”
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matching of objects differing in size (e.g., Bundesen & Larsen, 1975;
Bundesen, Larsen, & Farrell, 1981; Larsen & Bundesen, 1978; Jolicoeur &
Besner, 1987) is that time to make the comparison increases with
increasing size discrepancy (for conflicting results, see, e.g., Kubovy &
Podgorny, 1981). This body of evidence, then, corresponds well with our
finding of recognition impairment following a transformation in the size of
unfamiliar three-dimensional objects.

A final result of interest from Experiment 1 concerns the difference
in the behavior of impossible objects in the implicit and the explicit
memory tasks. As noted above, we failed to obtain object decision
priming for impossible objects -- owing, we have argued (Schacter et al.,
1991a), to computational constraints on the construction of structural
descriptions of such objects -- but observed robust priming for possible
objects. In the explicit recognition situation, however, the variable of size
transformation had parallel effects on possible and impossible objects,
with possible objects yielding overall higher levels of recognition. This
finding reinforces our claim ofla dissociation between the representational
systems underlying performance on implicit and explicit memory tasks.
That is, not only the variable of size change, but also the variable of object
type, affects these indices of memory differentially. Apparently, the
system supporting recognition is capable of constructing some sort of
mental representation of an impossible object (perhaps a piecemeal set of
features, cf., Hochberg, 1968), and this representation is coded with

respect to size.
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Experiment 2

Another salient property of an object is its overall parity, or left-
right orientation in three-dimensional space. Experiment 2 explored the
effects of manipulating this property on both object decision judgments
and explicit recognition. As with the feature of size, there are logical and
empirical grounds for suspecting that left-right orientation is not coded in
the structural description representation of an object. If structural
descriptions embody only information about global relations among
components of objects, then such relations will remain invariant despite a
transformation of overall reflection about the vertical axis. Research
examining the discrimination abilities of monkeys with inferior temporal
cortex lesions (e.g., Cowey & Gross, 1970; Gross, 1973; 1978:; Gross, Lewis,
& Plaiser, 1975) indicates that performance on mirror-image
discriminations with visual patterns is not impaired following lesioning.
Thus, inferior temporal cortex is implicated as a neural locus for the
representation of information about object structure, independent of size
and mirror-image reflection. On the basis of these logical considerations
and suggestive experimental reports, we reasoned that facilitation of
object decision performance should be observed, despite study-to-test
changes in the left-right orientation of our unfamiliar, three-dimensional
objects. If left-right orientation, like size, serves as a property that
enhances the distinctiveness of an object's episodic representation in
memory, then we should expect the study-to-test transformation of
overall reflection to produce impairment of explicit recognition

performance.
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Method

Subjects. Sixty-four undergraduate students at Columbia University
participated in the experiment for ecither course credit or payment of
$5.00. Subjects were randomly assigned to the experimental conditions
described below.

Stimuli. The stimulus set was composed of line drawings of 48
unfamiliar, three-dimensional objects similar to those displayed in Figure
1. Twenty-four of the drawings depicted possible three-dimensional
objects, and the other 24 represented impossible structures. The entire
set of drawings contained all 40 of the objects used in Experiment 1. Eight
objects, 4 possible and 4 impossible, were added in order to increase the
number of observations per cell of the experimental design to a level that
would permit the stimulus transformation variable to be manipulated
within, rather than between, subjects. The 4 additional possible objects
were taken from the set used by Schacter et al. (1991a), and the 4
additional impossible objects came from the set used by Schacter et al.
(1990a). All 48 objects met the joint criteria for inclusion in the stimulus
set described in connection with Experiment 1.

During testing, the objects were displayed individually on the
monitor of a Silicon Graphics Personal IRIS computer, and they appeared
as white line drawings on a dark surround. Objects were normalized for
approximate size by scaling them to fit within a circular reference frame
(cf., Schacter et al., 1991a, Experiment 4). Average angular subtension of
the objects was 8 deg at a viewing distance of approximately 50 cm. The

panel at the bottom of Figure 1 shows a possible and an impossible object
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from the stimulus set, displayed in both "standard" and "reflected”
versions.

Design. The design of the experiment was a 2 (standard vs.
reflected test versions) x 2 (possible vs. impossible object types) x 2
(studied vs. nonstudied item types) x 2 (object decision vs. recognition
memory tasks) mixed factorial. All factors except the last Test Task factor
were within-subject variables. The 24 possible and 24 impossible objects
were randomly assigned to one of two object groups. Each object group
contained 12 possible and 12 impossible objects. Both object groups
appeared equally often in the standard and the reflected versions, and as
studied and nonstudied items.

Procedure. Each of the 64 subjects was tested individually under
incidental memory conditions. The procedure was identical to that
described for Experiment 1, except for the following key differences: In
the present experiment, the overall left-right orientation of test objects
was varied, rather than their sizes, as in Experiment 1. Since stimulus
transformation was a within-subject factor in the present experiment, all
subjects in all experimental conditions studied objects displayed in the
arbitrarily-defined standard orientation. Half of the test objects were
presented in the standard orientation, and half were presented as mirror
images or reflected versions. Order of presentation of the test objects was

random.

Results

As in Experiment 1, object decision data and recognition data were

analyzed separately.
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Object decision. Table 3 shows the central results for performance
on the object decision task, expressed as proportion correct on the
"possible/impossible” judgment, as a function of the main experimental
variables. Note, first, that overall accuracy for possible objects is .13
higher for studied than for nonstudied items, indicating the presence of
priming. For possible objects viewed in the standard orientation at both
study and test, this priming effect is extremely large (.18). For possible
objects presented as mirror images or reflected versions at the time of
test, the magnitude of priming is decreased, but remains substantial (.10).
Second, there is essentially no evidence of priming for impossible objects,
regardless of the relationship between the versions presented for study
and at test. When impossible objects are studied in the standard version
and tested in the reflected orientation, accuracy is slightly (.02) higher for
studied than for nonstudied items. For impossible objects displayed in the
standard version at both study and test, some "negative priming" (.07) is
exhibited. Combined across possible and impossible objects, the overall
priming effects in the standard (.06) and refelected (.06) orientations are

identical.

D I TR R ey R Qi

An analysis of variance confirmed the pattern of results described
above. The main effect of (studied vs. nonstudied) Item Type was
significant, E (1,31) = 9.57, MSe = .02, p < .005, the main effect of (possible
vs. impossible) Object Type was significant, F (1, 31) = 7.21, MSe = .05, p <

.02, and the interaction of these two variables was statistically reliable, E
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(1, 31) = 11.10, MSe = .04, p < .002. In addition, the three-way interaction
of Item Type x Object Type x (standard vs. reflected) Version was
marginally significant, F (1, 31) = 5.06, MSe = .03, p < .04. Importantly,
the main effect of (standard vs. reflected) Version did not achieve the
level of significance, E (1,31) = 2.73, MSe = .03, p < .11, nor did this factor
produce any significant two-way interactions with other factors (all Fs <
1).

As in Experiment 1, we assesscd the potential contribution of a bias
to respond "possible” to all studied objects, regardless of their actual
possible or impossible type, to the priming results shown in Table 3. The
fact that a significant main effect of studied vs. nonstudied items was
observed indicates that the accuracy of object decision performance was
facilitated by the study task. We also computed Yule's Q values --
measures of strength of association between the variables of Object Type
(possible/impossible) and Subjects’ Responses ("possible/impossible”) --
separately for studied and for nonstudied items. For the data displayed in
Table 3, the Q for studied items (.78) and the Q for nonstudied items (.66)
are significantly different, t (31) = 3.13, p < .004 , providing further
evidence that study of objects increased the accuracy of object decision
performance, rather than creating a bias to respond "possible” to
previously viewed items.

Recognition memory. The principal results of the explicit
recognition task are displayed in Table 4 -- expressed in terms of hits,
false alarms, and a corrected recognition measure of hits minus false
alarms -- as a function of the main experimental variables. Note, in
particular, that recognition is impaired -- as assessed by each of the three

performance measures -- when reflected versions of the objects viewed at
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study are presented at the time of test, as compared with the level of
recognition exhibited when both studied and tested objects are presented
in the standard left-right orientation. Furthermore, this pattern is

apparent for both possible and impossible test objects.

- e e .. -.-—————-——ea

Two analyses of variance were conducted using hit rates and hits
minus false alarms as the dependent variables. The two ANOVAs yielded
virtually identical outcomes, both substantiating the patterns described
above, so only the results of the second ANOVA are reported. The only
two terms in the ANOVA to achieve statistical significance were the main
effects of (standard vs. reflected) Version, FE (1, 24) = 10.67, MSe = .07, p <
.004, and of (possible vs. impossible) Object Type, E (1, 24) = 40.65, MSe =
03, p < .03.

Dis ion

The results of Experiment 2, examining the effects of left-right
reversal on object decision priming and explicit recognition, parallel quite
nicely the study-to-test size variation findings from Experiment 1. While
not as clear cut as the results of Experiment 1, all theoretically important
outcomes of Experiment 2 are statistically reliable. The key findings can
be summarized as follows: First, robust priming of object decision
performance was obtained for possible, but not for impossible, objects.
Second, priming for possible objects continued to be exhibited, though at a

somewhat attenuated level, despite study-to-test variation in the left-

/
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right orientation of possible three-dimensional objects. Third, marked
dissociations of the effects of the variables of object version (standard vs.
reflected) and object type (possible vs. impossible) on priming and
recognition were observed. The righthand sections of Figure 2 provide a
convenient summary of these results. Note, in particular, that while
priming is evident even for reflected versions of possible test objects (top
panel), recognition performance (bottom panel) declines when study-to-
test changes in left-right orientation are introduced. Furthermore,
recognition impairment occurs for both possible and impossible test
objects; the complementary facilitation of object decision performance is
not obtained for impossible objects under any of the experimental
conditions.

This pattern of results leads us to conclude that parity, or overall
left-right orientation, like size, is not incorporated in the structural
description representations of objects that mediate priming. However, the
episodic system underlying explicit recognition does appear sensitive to
the left-right orientation of these unfamiliar, three-dimensional objects.
In addition, we again find evidence, as in Experiment 1, that the episodic
system is able to generate and to access for purposes of retrieval
representations of impossible objects. Our results for object decision
performance correspond well to some aspects of the data recently
reported by Biederman & Cooper (in press, b). Using stimulus materials
and experimental procedures quite different from our own (described in
the Discussion of Experiment 1), these investigators have found that
repetition priming for naming briefly presented pictures of familiar
objects ir exhibited even when the test pictures are mirror images of the

pictures displayed in the initial presentation. The explicit recognition
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measure used by Biederman & Cooper (in press, b) involved memory for
the left-right orientation of initially-presented objects, rather than
"old/new" recognition as in our procedure. We would expect that, had
these investigators included a recognition measure like the "yes/no"
discrimination in the present Experiment 2, they would have found, as we
have, an impairment in recognition of reversed versions of the test

pictures.

General Discussion

The central results of our experiments, described above, have
implications for several key theoretical issues in the areas of object
representation and memory. We briefly discuss three issues that these
results address.

The nature of structural description representations. The results of
Experiments 1 and 2 are entirely consistent with the idea, described in
earlier papers (Schacter et. al., 1990a, 1990b; Schacter et al., 1991a,
1991b), that priming on the object decision task is supported by a system
that encodes the global, three-dimensional structure and relations among
components of unfamiliar visual objects. Results of previous experiments
indicate that this structural description system cannot compute globally
consistent representations of impossible structures (Schacter et al.,
1991a), and the failure to observe priming of such objects in the present
experiments confirms this idea. Furthermore, structural description
representations appear to be constructed as a result of study tasks that
require attention to global aspects of the organization of surfaces of

objects (such as the left/right encoding task used in the present
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experiments), but not from tasks that require elaboration or the
attribution of meaning to unfamiliar objects (Schacter et al.,, 1990a,
Experiment 2). The present experiments add to our characterization of
the properties of structural descriptions by demonstrating that such
representations are abstract, in the sense of being insensitive to or
invariant over the size and the left-right orientation of objects.

We have speculated that regions of inferior temporal (IT) cortex
might constitute the neuroanatomical locus of the structural description
system that produces priming in our object decision task (Schacter et al,
1991b). Evidence from behavioral studies of animals with lesions in IT
and from neurophysiological studies of the response properties of single
units in this area, described above and reviewed in Plaut & Farah (1990),
is clearly consistent with this proposal. Cells in IT appear to be sensitive
to global, stable properties of objects -- such as shape -- but not
selectively responsive to object attributes that change with minor
variation in conditions of viewing. These are just the properties that
should prove useful for a representational system dedicated to coding
invariants of perceptual structure, like the structural description system
that we have explored in the present experiments. (For further discussion
of the relation between the structural description system and other,
related pre-semantic subsystems of perceptual representation, see
Schacter, 1990; Schacter et al., 1990a; Schacter et al.,, 1991a, 1991b;
Tulving & Schacter, 1990.)

An important question remaining for further research concerns
what properties of the representation of objects the structural description
system does incorporate, as well as which properties, in addition to size

and parity, structural descriptions are invariant with respect to. 1f we
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take seriously the proposal that IT is the locus of the structural
description system supporting object decision priming, then several
tentative predictions (some of which we are in the process of testing) can
be advanced. Representations of objects in IT appear to be abstracted
over the properties of size, location, and to some extent picture-plane
orientation, though the evidence is conflicting (see Holmes & Gross, 1984;
Gross, 1978; for a review, Plaut & Farah, 1990). Thus, we would expect to
observe priming on the object decision task, despite study-to-test changes
in these objuct properties. Some evidence suggests that IT neurons are
selective to texture and depicted three-dimensional orientation of objects
(e.g., Desimone et al.,1984; Desimone, Schein, Moran, & Ungerleider, 1985;
Perrett et al.,, 1985; Schwartz et al., 1983), as well as to global shape. We
might expect that structural descriptions of objects represent these latter
stimulus dimensions; hence, priming of object decision perrormance might
not be exhibited following study-to-test transformations of such
properties.

The nature of episodic representations of objects. An issue of
considerable importance concerns the nature of the representations of
unfamiliar, three-dimensional objects that underlie explicit recognition.
Data from our present and previous experiments highlight a number of
encoding, stimulus, and subject manipulations that produce marked
effects on the level of explicit memory, while having little or no effect on
object decision priming. Encoding or study-task conditions that produce
enhancement of recognition performance include multiple exposures to
the study list (Schacter et al.,, 1991a, Experiment 1), meaningful
elaboration of the encoded objects (Schacter et al., 1990a Experiments 2

and 3), and encoding the list twice under different study instructions
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(Schacter et al.,, 1991a, Experiment 3). Stimulus manipulations that
reduce the level of explicit recognition include the size and reflection
transformations introduced in the present Experiments 1 and 2. In
addition, we consistently observe that overall recognition of impossible
objects is lower than of possible objects, although both types of objects are
affected by the experimental manipulations cited above in similar ways.
Finally, subject manipulations of organic amnesia (Schacter et al., 1991b)
and age (Schacter, Cooper, & Valdiserri, in preparation) impair recognition
performance while sparing object decision priming.

These patterns of recognition performance have led us to conclude
that explicit recognition of unfamiliar, three-dimensional objects involves
the episodic memory system (Tulving, 1972, 1983). That is, episodic
memory relies crucially on access to information about the distinctive
spatial, temporal, contextual, and semantic aspects of objects that
differentiate them from each other. Accordingly, any of these sources of
information that are part of the conditions under which objects are
encoded can be expected to enhance distinctiveness and, hence, the
accessibility of the representation of an object to episodic retrieval
processes. Any of these sources of distinctive information that are
transformed from study to test (e.g., object size and left-right orientation,
as in Experiments 1 and 2) can be expected to impair explicit recognition.

We view the information contained in structural descriptions of
objects as just one among many sources of information used by the
episodic system that underlies explicit recognition. A significant problem
for future investigation concerns a clarification of the contribution of
structural description representations to episodic recognition. At present,

we can simply conclude, based on the data from Experiments 1 and 2, that
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size and left-right orientation are aspects of visual objects that are
represented by the episodic system, but not by the structural description
system.

nature of underlying memor ms. We noted in the Introduction
that much of the evidence demonstrating priming effects and dissociations
between implicit and explicit tests of memory could be interpreted either
as supporting the idea of multiple, separable underlying memory systems
(e.g., Schacter, 1990; Schacter et al, 1990a; Schacter et al., 1991a, 1991b;
Tulving & Schacter, 1990), or within the framework of transfer-
appropriate processing (e.g., Roediger & Blaxton, 1987; Roediger et al.,
1989). This latter approach views priming as the outcome of a
reinstatement at the time of testing of the processing operations by which
an item was initially encoded.

The data from Experiments 1 and 2, though not decisive, seem to us
to be more compatibile with a multiple systems view than with the
transfer-appropriate processing formulation. In particular, the finding
that study-to-test changes in object size and left-right orientation produce
robust priming of equal (Experiment 1) or substantial (Experiment 2)
magnitude, when compared with conditions in which size and reflection
relations remain constant fron: study to test, appears difficult to account
for in a satisfying fashion by the principle of transfer-appropriate
processing. That is, if similarity in processing operations at encoding and
test are responsible for the existence of priming, then we should expect
that changes in stimulus properties from study to test would undermine
the similarity of processing operations and, thus, produce conditions
unfavorable for the occurrence of priming on the object decision task.

Indeed, advocates of transfer-appropriate processing have offered just
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this kind of analysis to account for observed effects of study-to-test
changes in various kinds of surface information on implicit tasks such as
fragment completion and perceptual identification (e.g., Roediger et al.,
1989).

It is, of course, possible to modify the transfer-appropriate
processing account to accomodate our findings by claiming that size and
left-right orientation are not initially encoded by the processing
operations active at the time of study. However, this modification then
faces the serious problem of explaining why size and reflection variations
do produce substantial effects on explicit recognition performance; and, if
extended even further, this account becomes indistinguishable from our
proposal of separate representational systems for information concerning
global object structure (the structural description system) and information
concerning distinctive visual, semantic, and contextual properties of
objects (the episodic system). In short, we view the results of the present
Experiments 1 and 2 -- along with demonstrations of stochastic
independence between performance on implicit and explicit tests of
memory (e.g., Hayman & Tulving, 1989; Musen & Treisman, 1990;
Schacter et al.,, 1990a), and demonstrations of spared implicit memory
with impaired explicit memory in amnesic patients (e.g., Schacter et al.,
1991b) -- as lending strong support to the multiple systems formulation.

The results of Experiments 1 and 2 raise many questions in addition
to those addressed above, and our interpretations leave many issues
unresolved. In addition to further questions concerning forms of
information represented in structural descriptions of objects, our results
leave open the issue of what role, if any, structural description

representations play in recognition and other high-level visual tasks (see
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Cooper, 1988, 1989, 1990, in press, for discussion). Another important
question concerns the possible relationship between the dissociable
representational systems that we are examining and distinguishable
processing subsystems proposed by other investigators (e.g., Kosslyn,
1987). Still another matter of interest concerns the generality of the
present findings to other sets of experimental materials and other tests of
implicit and explicit memory. All of these questions and issues are foci of

attention in our ongoing program of research.
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Footnotes

1 In fact, both groups of subjects participated in both memory tasks, but
in different orders, i.e., for one group, object decision followed by
recognition, and for the other, recognition followed by object decision.
However, performance on the second test task was not analyzed for either
group of subjects, because second-task performance in the present
experiment does not illuminate any substantive issues. In the case of
object decision followed by recognition, the recognition test is simply a list
discrimination task. In the case of recognition followed by object decision,
the study-to-test object transformations have already been viewed during
the recognition phase. Hence, the object decision task cannot provide an
uncontaminated measure of priming of responses to transformed test

stimuli.

2 Analyses of variance reported for both experiments were done on data
from individual subjects, rather than from individual items. However,
analyses computed over items confirmed the same central results as those

obtained in the subject-based analyses.
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Table 1

Object Decision Performance: Experiment 1

Encoding/test relation

Same size Changed size

Item type SS LL M SL LS M

Possible Objects

Studied .78 .75 17 77 .78 a7
Nonstudied .66 .65 .65 58 .63 .61
M 72 .70 .68 .70

Impossible Objects

Studied .58 .73 .66 .73 .66 .70
Nonstudied .66 .81 13 .78 .68 .73
M .62 77 .15 .67

Note. SS = studied in small size and tested in small size. LL =
studied in large size and tested in large size. SL = studied in small size
and tested in large size. LS = studied in large size and tested in small size.
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Table 2
niti rman
Encoding/test relation
Same size Changed size
Item type SS LL M SL LS M
Possible Objects
Studied .78 .88 .83 .68 .66 .67

Nonstudied 31 .13 .22 .23 .15 .19

Hits-FAs .47 .76 .61 46 51 .48

Impossible Objects
Studied .78 .82 .80 .66 .69 .68
Nonstudied .26 .24 .25 .23 .26 .25

Hits-FAs .52 58 .55 43 .43 .43

Nonstudied = proportion of nonstudied items called "old" (false alarm
rate).

Note, Studied = proportion of studied items called "old" (hit rate).
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Table 3
Decision Imance; rimen
Encoding/test relation
Item type Standard Reflected
Possible Objects
Studied .89 .82
Nonstudied .71 72
M .80 7
Impossible Objects
Studied .70 .70
Nonstudied .77 .68

M 13 .69

.85

72

.70

72
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Table 4
R ition_Perf . E . )
Encoding/test relation
Item type Standard Reflected
Possible Objects
Studied .81 7
Nonstudied .14 .18
Hits-FAs .67 .59
Impossible Objects
Studied .73 58
Nonstudied .25 .29
Hits-FAs .48 29

Note. Studied = proportion of studied items called "old" (hit rate).
Nonstudied = proportion of nonstudied items called "old" (false alarm

rate).

.79
.16

.63

.66

27

.39
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Figure Captions

Figure 1. Examples of target objects used in Experiments 1 and 2. The

upper two rows depict a possible (top) and an impossible (bottom) object,
shown in both small (right) and large (left) sizes. The lower two rows
depict a possible (top) and an impossible (bottom) object, shown in both
reflected (right) and standard (left) versions. See text for further

explanation.

Figure 2. Summary of results from Experiments 1 and 2. The upper panel
displays priming on the object decision task, expressed as percent correct
on studied items minus nonstudied items, as a function of object type
(possible vs. impossible) and relationship between studied and tested
objects (SS = same size; CS = changed size; SV = standard version; RV =
reflected version). The lower panel displays recognition, expressed as
percent hits minus false alarms, as a function of the same variables. See

text for further explanation.
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